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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 



APPELLANT'S MAIN BRIEF ON APPEAL 



■ . /... 



APPELLANT: Rainald SANDER DOCKET NO: P00,0184 V fV; >- 

■ f* 

SERIALNO.: 09/497,618 ART UNIT: 2814 ^^.^ 

FILED: February 3, 2000 EXAMINER: D Farahani 

CONF. NO. 7717 

TITLE: TEMPERATURE-PROTECTED SEMICONDUCTOR SWITCH 

5 

Assistant Commissioner for Patents, 

Washington, D.C. 20231 - : 

10 Sir: 1 

In accordance with the provisions of 37 C.F.R. §1 .192, Appellant submits 

this Brief in support of the appeal of the above-referenced application, in 

triplicate, in support of the patentability of claims 1-9 finally rejected in the Office 

15 Action, dated November 6, 2002 ("OA"). A telephone interview with the Examiner 

conducted on August 26, 2002 did not result in agreement, as evidenced by the 

Telephone Interview Summary dated September 12, 2002. A copy of the claims 

on appeal is attached as Appendix A, and copies of the Final Office Action and 

Telephone Interview Summary are attached as Appendix B. A Notice of Appeal 

20 was filed on January 31 , 2003. 
00000014 mvixt ^ 

REAL PART^T^iPStEREST 

The real party in interest in this appeal is the assignee, Infineon 

Technologies AG, a German corporation, by virtue of an assignment executed 
June 26, 2000 and recorded on July 1 7, 2000 at reel/frame: 01 0978 / 0876. 
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RELATED APPEALS AND INTERFERENCES: 

There are no related appeals and no related interferences known to 

Appellant, Appellant's Assignee, or Appellant's legal representative. 

STATUS OF CLAIMS: 

5 Clainns 1-9 are on appeal, and constitute all pending claims of the 

application. In paragraph 2 of the OA, the claims were rejected under 35 U.S.C. 
§102 and §103 based on prior art as follows: 



Claims / 
Section 


35 U.S-C. Sec, 


References / Notes 


1,2,4,6-8, 9 


§1 02(b) Anticipation 


• Yamaguchi, et al. (U.S. Patent 
No. 5,500,547). 


3,7 


§1 03(a) Obviousness 


• Yamaguchi, et al. (U.S. Patent 
No. 5,500,547); and 

• Roth, Fundamentals of Logic 
Design (1992). 



10 Claim 5, while indicated as rejected in the OA, was not addressed in any 

portion of the detailed action — thus, Appellant is uncertain as to the status of this 
claim. 

Copies of Yamaguchi, Roth, Pages, et al. (U.S. Patent No. 6,373,100) and 
Yabusaki, et al. (U.S. Patent No. 5,107,216) (the latter two being art cited by the 
15 Examiner for certain assertions made) are attached as Appendix C. 

STATUS OF AMENDMENTS: 

No amendments have been entered in this case. All claims presented are 

those originally filed. 

SUMMARY OF THE INVENTION: 

20 In general terms, the present invention is a temperature-protected 
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semiconductor switch that has both a temperature sensor configured to output a 
first signal, and a charge carrier detector configured to output a second signal. 
These two signals can be used to provide an accurate indication of when a true 
overtemperature situation occurs at the switch or whether a false positive 
5 overtemperature situation has been triggered by the presence of problematic free 
charge carriers. 

It is known to provide power switches with integrated temperature sensors 
to prevent thermal overload. These temperature sensors acquire the 
temperature of the power switch and convert this into a temperature-dependent 
10 analog signal which then can be interpreted in an evaluation circuit — the circuit 
can then be used to shut off the semiconductor switch when a predetermined 
temperature has been exceeded, p. 1, 2nd % Figures 1A and IB below of the 
application illustrate such a known configuration. An exemplary switch element 
T1 that is a MOSFET is shown below, p. 2, first carryover % 
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Figs. 1A & 1B 
Known Switch witli Temperature Sensor 



MOSFET-type switches often include a reverse diode D1 that is integrated 
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with the switch in a semiconductor body — however, when operated in a certain 
manner, this diode produces free charge carriers. These free charge carriers are 
problematic, however, because they can induce the temperature sensor TS to 
trigger a false positive overtemperature when no such overtemperature is 
5 present, p. 2, 2nd % 

One known solution that has been provided is to provide a charge carrier 
diffusion ring around the temperature sensor (see the ring around TS in Fig. 1 A) 
that can block the free charge carriers and thus prevent false positive 
overtemperatures. Unfortunately, in order for the ring to adequately block 

10 (capture) the problematic charge carriers from the temperature sensor TS, this 
ring would have to be implemented very broadly (large), meaning that the 
temperature sensor TS would be located far away from the hottest location of the 
switch that is to be protected (and thus, have too slow of a reaction time to signal 
shutting the switch off). But if the temperature sensor is located close to the 

15 switch to improve reaction time, then the protective ring cannot sufficiently block 
the free charge carriers, thus increasing the probability of false positive 
overtemperature conditions by the temperature sensor, p. 3, first carryover ^. 

The invention addresses this problem by providing a charge carrier 

detector that provides an additional signal that can be used to protect the switch. 

20 p. 3, 2nd full % The charge carrier detector permits the temperature sensor to be 

located near the switch, but the charge carrier detector provides information that 

permits one to distinguish between a temperature sensor signal due to a true 

overtemperature situation and a false overtemperature sensor signal triggered by 

the charge carriers, p. 3-4, last/first carryover % Refer to the exemplary 
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embodiment illustrated below. 

FIG 2 
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Figs. 2 & 3 

5 Exemplary Embodiment of tlie Invention 

It can be seen from Figs. 2 and 3 that the charge carrier detector LD 
connects to a line SL2 via which a second signal can be output when the free 
charge carriers are detected. When the temperature sensor TS it triggered, it 
may be either because of a true overtemperature condition or because of the 
10 problematic charge carriers. If the signal from the charge carrier detector LD is 
present, then one can presume that the overtemperature signal provided by the 
temperature sensor TS is erroneous and not shut down the switch T1 . 

ISSUES: 

The issues on appeal are as follows: 

15 1 . Whether the subject matter of claims 1-2, 4-6, 8 and 9 are anticipated 

by Yamaguchi (U.S. Patent 5,500,547); and 

2. Whether the subject matter of claims 3 and 7 is obvious in view of 
Yamaguchi over Roth, Fundamentals of Logic Design, 1992. 
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GROUPING OF CLAIMS: 

The claims on appeal include one independent claim (claim 1) and eight 

dependent claims (2-9). 

Group 1: claims 1, 2, 8 and 9 

5 The primary basis of dispute for the rejection revolves around elements of 

independent claim 1 . Appellant groups dependent claims 1,2,8, and 9 in the 
group with claim 1 . 

Group 2: claims 4-6 

Appellant believes that dependent claims 4-6 are separately patentable, 
1 0 and thus places them in a second group for appeal. These claims are separately 
patentable because they address issues relating to the relative locations of the 
temperature sensor as well as the charge carrier detector. There mere presence 
of a charge carrier detector according to claim 1 is advantageous, but certain 
advantages could be realized in even a conventional placement of the 
15 temperature sensor away from the switch. Thus, it is additionally significant to 
locate the temperature sensor and charge carrier detector in certain locations as 
these locations permit better operability, smaller size and other cost to 
performance benefits. 

Group 3: claims 3 and 7 

20 Appellant believes that dependent claims 3 and 7 are separately 

patentable, and thus places them in a third group for appeal. These claims are 
separately patentable since the require the presence of a logic element that 
relates the first and second signals to the actions of determining whether to 
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protect the switch or not. There mere presence of a charge carrier detector 
according to claim 1 is advantageous, but how to utilize the signal originating with 
the charge carrier detector provides operational advantages to the circuit that are 
not present with the charge carrier detector or its appertaining signal alone. 

5 ARGUMENTS: 

ARGUMENT 1 -Anticipation by Yamaguchi of Claim 1 (and ottier dependent 
claims) 

Examiner's Position: Claim 1 is anticipated by Yamaguchi because each of 
the elements, primarily the switch element, the temperature sensor (and its 
1 0 generated first signal), and the charge carrier detector (and its generated 
second signal), are all disclosed by Yamaguchi. 

In the OA, p. 2, the Examiner states, as a complete discussion for 
anticipation by Yamaguchi: 

Regarding claim 1 , in figures 3 and 4, Yamaguchi 
1 5 discloses a semiconductor device, 4A, and a MOS 

transistor 13 in parallel with the temperature sensing 
circuit 20, same circuit neutralizing the accumulated 
charge, in an N type body substrate 1 . 

This language was carried over from a prior Office Action (dated May 29, 
20 2002). Appellant notes that in the Interview Summary, the Examiner indicates: 

The limitation in claim 1 , "a semiconductor switch 
element formed of a plurality of cells connected in 
parallel and including an integrated reverse diode", 
was discussed as [sic: to] where in the reference it 
25 could be found. Examiner explained that a diode can 

act as a switch, and therefore, diodes 22 and 21 of 
figure 4B, which are part of temperature sensor 20, 
comprise a switch. 

Although the Examiner had only referenced Yamaguchi's Fig. 4A with 
30 respect to claim 1 in the last Office Action, the Examiner referenced Fig. 4B 
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during the telephone interview in order to find all of the elennents present in claim 
1 . Thus, although not corrected or clarified in the final OA, it is Appellant's 
understanding that the Examiner is equating the Yamaguchi disclosure to the 
elements of claim 1 of the present invention as follows, referring to Fig. 4B of 
5 Yamaguchi. 



Claim 1 element 


Yamaguchi 


Charge carrier detector generating a 
second signal when free charge 
carriers are present in the 
semiconductor body 


FET 13 


Semiconductor switch element formed 
of a plurality of cells connected in 
parallel and including an integrated 
reverse diode 


Diode element 22 + one or two of the 
three diodes 21 


Temperature sensor that generates a 
first signal given the occurrence of an 
excess temperature 


all three diode elements 21 + diode 
22 combined (overall element 20) 



In response to Appellant's assertion that it was improper to equate the 
diode element combination 21 , 22 as the switch of the present invention, the 
Examiner cited Yabusake, U.S. Patent No, 5,107,216, Fig. 9 and 6/20-37 as 
10 suggesting that the diode combination 21 , 22 can be construed as a switch. 

In response to Appellant's assertion that it was improper to equate the 
FET transistor as being the carrier charge detector, the Examiner cited Pages, et 
al., U.S. Patent 6,373,100 at 5/5-15 that an FET outputs a signal in response to 
the appearance of free charge carriers in a semiconductor body. 

15 In response to Appellant's assertion that the Examiner was equating an 

identical element of Yamaguchi with both the present invention's "switch" and 

-8- Appeal Brief 



"temperature sensor" (effectively ignoring a separately called out element of the 
present invention), the Examiner replied that [in Yamaguchi, Fig. 4B] element 20 
(made up of diode 22 and diodes 21) constituted the temperature sensor and 
that diodes 21 and 22 act as a switch element, and that therefore the temperature 
5 sensor and the switch are not the same element. OA, p. 4, ^l . 

In response to Appellant's assertion that if the elements of Yamaguchi are 
applied as the table above indicates, the temperature sensor would have to 
protect part of itself, (since the switch would have to be a part of the temperature 
sensor), the Examiner replied that in Yamaguchi, "element 20 lets out the extra 
10 current that may occur in it self [sic: itself] (the reference actually states that 
circuit as a whole prevents damage to its individual diodes in an event of 
extraneous current, hence temperature). See column 5, lines 38-43". OA, p. 4, 
112. 

Finally, in response to Appellant's assertion that the present invention 
15 requires two signals to be output in the claimed invention, the Examiner asserted 
that element 20 in Yamaguchi [Examiner equated to temperature sensor] lets out 
the extra current, or signal, and that furthermore, that Pages has the FET 
outputting a current, or signal, in response to the presence of charge carriers in a 
semiconductor body. 

20 Appellant's Position: The Examiner has misconstrued the elements of the 
claim, and has ignored various elements, their relationships and functions 
in forcing the Yamaguchi reference to improperly read on elements of claim 
1 of the present invention. 

The present invention requires the presence of four elements (the 
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semiconductor body, the semiconductor switch, the temperature sensor, and the 
charge carrier detector) and requires the prescribed interrelationship as 
described in the claims, namely that the switch element, the temperature sensor, 
and the charge carrier detector are all separate elements. The switch and the 
5 temperature sensor are separate from one another, but they are both integrated 
into the semiconductor body. Yamaguchi lacks a teaching of these four elements 
in the prescribed relationship according to claim 1 and thus cannot anticipate the 
present invention. The present invention's use of all of these elements presents 
an advantageous architecture and functionality over the invention disclosed by 
10 Yamaguchi. 

Appellants believe that the Examiner has misconstrued the disclosure of 
Yamaguchi and provided inconsistent definitions in equating elements of 
Yamaguchi that read on elements of the present invention. 

The following diagram illustrates the invention as construed by the 
1 5 Appellant on the left, and the construction of the Yamaguchi reference by the 
Examiner on the right. 



TEMP 
SENS 



CHARGE 
CARRIER 

DET 
(TRANS) 



TEMP SENS 



SWITCH 
(TRANS) 



CHARGE 
CARRIER 
DET 



SWITCH 



INVENTION 
CONSTRUCTION 



EXAMINER 
CONSTRUCTION 



-10- 



Appeal Brief 



1. Claim 1 of the present invention separately calls out the switch element 
and the temperature sensor element, and the Examiner has improperly 
combined the two. 

In the OA, p. 4, 1st % the Examiner indicates that "elenrient 20 in 
5 Yannaguchi is a tenaperature sensor, and diodes 21 and 22 act as a switch 
element. Therefore, the temperature sensor and the switch are not the same 
element." 

In Yamaguchi, element 20 of Fig. 4B is identified at 4/65-67 (referring to 
Fig. 4A, but presumably applying to 4B as well) as a temperature sensor. The 
10 individual part shown in FIG. 4A includes one FET 13 and one directional circuit 
20 biased for sensing a peripheral temperature of the FET1 3. Thus, Appellant 
does not disagree with the Examiner's characterization of diode elements 21 + 22 
combined (element 20) being equated to the temperature sensor of the present 
invention. 

15 However, when the Examiner indicates that [a subset of] diodes 21 and 22 

act like a switch element, this would require the switch to be a part [or a subset] 
of the temperature sensor itself. The switch element in the present invention is 
called out as a separate element and is not a part of the temperature sensor. 
The only relationship provided in the present invention, according to claim 1 is 

20 that both "the semiconductor switch element and the temperature sensor are 
integrated together in the semiconductor body". Nowhere is a relationship of the 
switch being a part of the temperature sensor called out in any of the claims. The 
Examiner is inappropriately reading this construction into the claim language. 

2. The Examiner's construction of the diodes as a switch is improper and is 
25 not how one would normally construe a switch in the field of temperature 
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sensinQ circuits for protecting switches, since Yamaauchi\ as art in the 
field, construes the FET as the switch and not a subset of the temperature 
sensing diodes.. 

The Examiner is equating at least one of the following constructions in 
5 Yamaguchi's Fig. 4B as being a "switch". 




The Examiner cited to Yabusaki, Fig. 9 and 6/20-37 as showing such a 
diode construction being considered a "switch" — Appellants see no such 
disclosure. The Yabusaki reference does not use the word "switch" at all in this 
10 passage, and simply refers to the fact the paired diodes can be in states of 

conductive and non-conductive based on the applied voltage. There is no sense 
of control that is associated with the notion of a "switch" in this configuration. 

During the telephone interview, the Examiner indicated that these devices 
can operate as a switch by virtue of the fact that they can be in a state of being 
15 "on" and "off" depending on voltages and polarity provided. Appellants assert 
that this definition is too broad, that mere conducting and non-conducting is 
insufficient to form a "switch" — and Appellants see no definition of a "switch" 
provided by the Examiner that permits such a broad definition. 

But even if, for the sake of argument, the Examiner's diode pair could be 
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construed as a "switch" in a particular field of the art, such a definition is not how 
one of ordinary skill in the art would construe it in the field of temperature 
protected switches. 

In this field of art, Yamaguchi clearly indicates the operation of FET 13 as 
5 the switch element at 5/25-27, "[the voltage drop] is detected at the detection end 
to provide a temperature signal to the FET control signal, where it is processed to 
turn off the FET 13 if the signal represents a critical temperature" [emphasis 
added]. Thus, the switch in Yamaguchi is provided with a control that is utilized 
to turn off the switch in response to a temperature signal. Nowhere in Yamaguchi 
10 can a teaching of the diodes according to the above structure acting as a switch 
be found. In fact, Yamaguchi represents the specific type of construction as that 
which is acknowledged by the present application as prior art — i.e., the presence 
of a temperature sensor protecting a switch, without a charge carrier detector . 

3. The Examiner has inconsistently defined what constitutes the switch in 
15 the present invention, in that he equates the present invention's switch to 

Yamaauchi's diodes, as described above, and also to Yamaauchi's FET 
(which he has already defined as the charge carrier detector). 

As noted above, the Examiner has indicated that the present invention's 
20 switch is shown by Yamaguchi's diodes 21 and 22. However, in the OA on p. 2 
last full H, the Examiner states: 

Regarding claim 6, Yamaguchi discloses a 
temperature signal produced by circuit 20, figure 4B, 
25 to be provided to the FET control signal, which 

consequently turns off the FET 13. The charge carrier 
neutralizing diode 22 is adjacent to the temperature 
signal. 
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The fact that the temperature signal "turns off" FET 13 indicates that the 
Exanriiner is now considering Yamaguchi's FET as being the switch, and not the 
diodes. This represents an inconsistent position on how the elements of 
Yamaguchi are being read on the present invention and this inconsistency is 
5 impermissible under 35 U.S.C §102. 

Furthermore, the Examiner states on page 2 of the OA in the second H 
under section 2, 

Regarding claim 1 , in figures 3 and 4, Yamaguchi 
discloses a semiconductor device, 4A, and a MOS 
10 transistor 13 in parallel with the temperature 

sensing circuit 20, same circuit neutralizing the 
accumulated charge, in an N type body substrate 1 . 

The only place "parallel" is used in the present invention's claim 1 is to 
describe the structure of the semiconductor switch element — the Examiner 
15 clearly indicates the presence of Yamaguchi's MOS transistor 13 in describing 
the "parallel" structure. Clearly the Examiner originally interpreted the MOS 
transistor 13 of Yamaguchi with being the "switch", which is consistent with 
Yamaguchi's own description of the device's operation. 

4. The Examiner has incorrectly construed the FET 13 of Yamaguchi as 
20 inherently operating as the charge carrier detector of the present 

invention. 

In the prior Office Action, dated May 29, 2002, the Examiner stated on p. 
4, paragraph 9, that: 

The applicant argues that [sic: the] Yamaguchi 
25 reference does not teach a device that produces the 

tow [sic: two] signals of the disclosed claimed 
invention. This is not persuasive, since it is an 
inherent function of MOS transistor 13 to create a 
signal in the event of free charge carrier occurrence. 
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Furthermore, temperature sensor 20 will generate a 
second signal. 

When challenged by Appellant to provide a disclosure indicating the 
operation of the MOS transistor 13 as a charge carrier detector, the Examiner, in 
5 the current OA, p. 4, last two paragraphs: 

Regarding applicant's request for some kind of 
reference to show the inherency of a FET being a 
charge carrier detector, the reference is provided 
below in the Prior Art of Record section.... 
10 Furthermore, as indicated in paragraph 2 of the Prior 

Art of Record section (as disclosed in the Pages et 
al.), a FET outputs a current, or signal, in response to 
the presence of charge peers in a semiconductor 
body. 

15 This Prior Art of Reference section cited by the Examiner in the OA, p. 5, 

2nd H indicates that Pages, at 5/5-15 describes an FET transistor acting as a 
carrier charge detector (i.e., it outputs a signal in response to the appearance of 
free charge carriers in a semiconductor body). 

The portion of Pages cited by the Examiner does not address the use of 
20 an FET as a charge carrier detector, as defined by the present invention, but only 
identifies that charge carriers (i.e., electrons) flow from a source region into a 
substrate. Such a broad reading of Pages would infer that any semiconductor 
device is a "charge carrier detector" because, when they operate, they all have 
electrons flowing through them. And the Examiner's characterization of 
25 "detection" seems to be broad enough to encompass any device through which 
current flows, including wire. 

The present invention is not concerned with a detector that simply detects 
charge carriers flowing through itself — rather it is concerned with detecting 
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charge carriers that are external to itself. That is the point of the present 
invention, i.e., that a charge carrier detector detects charges that could trigger a 
false positive overtemperature reading in a temperature sensor. The Examiner 
has not explained how Pages provides a role of "detection". 

5 In summary, the present invention requires the presence of four elements 

(the semiconductor body, the semiconductor switch, the temperature sensor, and 
the charge carrier detector) and requires the prescribed interrelationship as 
described in the claims. Yamaguchi lacks a teaching of these four elements and 
their respective relationships to one another and thus cannot anticipate the 
10 present invention. The present invention's use of all of these elements presents 
an advantageous architecture and functionality over the invention disclosed by 
Yamaguchi. 

For this reason, Appellant believes that an element required by claim 1 is 
not found in Yamaguchi and thus Yamaguchi cannot be said to anticipate the 
15 present invention. Since all remaining claims depend from claim 1, Appellant 
respectfully request that the Examiner's §102 rejection be reversed in the present 
application. 
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ARGUMENT 2-Anticipation by Yamaguchi of Claims 4 and 6 



Examiner's Position: Claim 4 is anticipated by Yamaguchi showing a pair of 
adjacent diodes for sensing the temperature and for the accumulated 
charge. Claim 6 is anticipated by Yamaguchi showing a temperature signal 
5 produced by the circuit to be provided to the FET control signal, which 
turns off the FET. The charge carrier neutralizing diode is adjacent to the 
temperature signal. 

In the OA, p. 2, the Examiner states: 

Regarding clainn 4, Yannaguchi discloses the pair of 
1 0 adjacent diodes 20, for sensing the temperature and 

for the accumulated charge, 21 and 22 of figure 4A. 

Regarding claim 6, Yamaguchi discloses a 
temperature signal produced by circuit 20, figure 4B, 
to be provided to the FET control signal, which 
15 consequently turns off the FET 13. The charge carrier 

neutralizing diode 22 is adjacent to the temperature 
signal. 

Appellant's Position: As to claim 4, the pair of diodes 20 do not serve for 
the sensing of temperature and for the sensing for the accumulated charge, 
20 21 and 22 of Figure 4 A because these Yamaguchi only describes these as a 
temperature sensor. As to claim 6, Yamaguchi does not show a charge 
carrier detector positioned adjacent a signal line of the temperature sensor 
leading out of the semiconductor switch. 

In Yamaguchi, element 20 of Fig. 4B is identified at 4/65-67 (referring to 
25 Fig. 4A, but presumably applying to 4B as well) as a temperature sensor. 
However, Yamaguchi does not disclose that the arrangement 20 or any part 
thereof operates as a charge carrier detector. As noted above, Yamaguchi 
represents known prior art of a switch protected by a temperature sensor, but that 
does not have a charge carrier detector. 



30 The Examiner asserted, in addressing claim 1 , that Yamaguchi's FET 
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acted as the charge carrier detector in the circuit, but under claim 4 here is 
asserting that some portion of the diodes 20 serves as the charge carrier 
detector, reflecting an inconsistency in applying the Yamaguchi reference to the 
present invention. 

5 With respect to claim 6, Appellants note the above argument that the 

Examiner equates the FET as being the switch under this claim, but equates 
some portion of the diodes 20 as being the switch in applying Yamaguchi to the 
parent claim 1. This is impermissible under 35 U.S.C. §102 — elements of a prior 
art reference cannot be applied inconsistently in order to show anticipation. 
10 Furthermore, Yamaguchi never discusses a charge carrier detector nor how such 
a mechanism would be positioned adjacent a signal line of the temperature 
sensor. 

ARGUMENT 3-Obviousness of Claims 3, 7 over Yamaguchi in View of Rotli 

Examiner's Position: Claims 3 and 7 are obvious over Yamaguchi and Roth 
1 5 because Roth discloses a well known logic function of providing an 
exclusive-or logic gate. 

The Examiner indicates that in addition to Yamaguchi, as applied to the 
other claims as anticipating art, Roth discloses the use of an exclusive-or logic 
gate, and thus it would have been obvious to combine Yamaguchi and Roth to 
20 arrive at the evaluator means element of both claims 3 and 7. 

Appellant's Position: The Examiner does not provide any evidence of a 
teaching or suggestion to combine the references, nor would the cited 
function described by the Examiner work in the present invention. 

The Examiner cites Roth as describing an exclusive-or function that 
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obviates the present invention. However, tine present invention would not work 
properly if the exclusive-or function were used. 

According to the Specification on p. 6, the evaluator means checks to see 
if the temperature sensor signal is high. If so, a check is made to see if the 
5 charge carrier detector is high as well. If it is, this signals a false positive from the 
temperature sensor (i.e., caused by the presence of spurious charge carriers and 
not by a true overtemperature) — the output of the evaluator is low and no further 
action is taken. 

If, however, the temperature sensor signal is high, and the charge carrier 
10 detector is low (indicating no problematic spurious charge carriers are present), 
then this reflects a true overtemperature condition and the output of the evaluator 
means is high, which triggers a switch shut-off mechanism. 

In the exclusive-or example cited by the Examiner, if the temperature 
sensor provided a low output, and the charge carrier detector provided a high 
15 output, this situation would be indistinguishable by the exclusive-or gate from a 
true overtemperature situation and would thus produce a high evaluator signal 
that would act to signal a cutting-off of the switch when no overtemperature 
situation existed. 

Furthermore, with respect to the Examiner's construction of the 
20 Yamaguchi elements described above, in which the switch is a part of the 
temperature sensor, the Examiner has not indicated how a signal of the 
temperature sensor could possibly be separated from a signal produced by the 
switch itself, which would be a significant issue if Yamaguchi's elements are to 
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read on the elements of the present invention as indicated by the Examiner. 

A significant feature of the invention as claimed in claim 1 is providing the 
two signals from the device, with the first signal originating from the temperature 
sensor and the second signal originating from the charge carrier detector, the 
5 charge carrier detector being a separate element from the semiconductor switch. 
This architecture provides structural and functional advantages that are not 
taught or suggested by Yamaguchi and Roth, either alone or in combination. 

For these reasons, Appellant asserts that the claim language clearly 
distinguishes over the prior art, and respectfully request that the Board reveres 
10 the Examiner with respect to the 35 U.S.C. §1 03(a) rejection. 
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CONCLUSION: 

For the above reasons, Appellants respectfully submits that the Examiner 
is in error in law and in fact in rejecting claims 1-9 based on the teachings of the 
above-discussed references. Reversal of the rejection of all of those claims is 
5 justified, and the same is respectfully requested. 

This Brief is accompanied by a check in the amount of $320.00, as 
required by 37 C.F.R. §1.1 7(c). If necessary, the Commissioner is hereby 
authorized to charge any additional fees which may be required to account No. 
501519. 
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Respectfully submitted, 

> / (Reg. No. 45,877) 

Mark Bergner 

15 SCHIFF HARDIN &WAITE 

Patent Department 

6600 Sears Tower 

233 South Wacker Drive 

Chicago, Illinois 60606-6473 
20 (312) 258-5779 

Attorneys for Appellant 

CERTIFICATE OF MAILING 

I hereby certify that an original and two copies of this correspondence are 

25 being deposited with the United States Postal Service as First Class mail in an 
envelope addressed to: Assistant Commissioner for Patents, Washington, D.C. 
20231 on March 26, 2003. 



Mark Bergner 

30 
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APPENDIX A 
CLAIMS INVOLVED IN THE APPEAL 



1 . (original) A temperature-protected semiconductor switch, comprising: 

5 a semiconductor body of first conductivity type; 

a semiconductor switch element formed of a plurality of cells connected in 
parallel and including an integrated reverse diode; 

a temperature sensor which generates a first signal given the occurrence 
of an excess temperature, wherein the semiconductor switch 
10 element and the temperature sensor are integrated together in the 

semiconductor body; and 

a charge carrier detector that generates a second signal given the 

occurrence of free charge carriers in the semiconductor body. 



15 2. (original) A temperature-protected semiconductor switch as claimed in 

claim I, further comprising: 

a parasitic component formed between the charge carrier detector, the 
semiconductor body and it least one cell M f the semiconductor 
switch element. 

20 

3. (original) A temperature-protected semiconductor switch as claimed in 
claim I, further comprising: 

in evaluation means, wherein the first and second signals are supplied to 
the evaluation means and logically operated with one another 
25 thereat for indicating an unambiguous excess temperature in the 

semiconductor switch element. 
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4. (original) A temperature-protected semiconductor switch as claimed in 
claim 1 , wherein the charge carrier detector is positioned adjacent the 
temperature sensor. 

5 5. (original) A temperature-protected semiconductor switch as claimed in 

claim 1 , wherein the temperature sensor is attached proximate a hottest location 
of the semiconductor body 

6. (original) A temperature-protected semiconductor switch as claimed in 
10 claim 1 , wherein the charge carrier detector is positioned adjacent a signal line of 

the temperature sensor leading out of the semiconductor switch. 

7. (original) A temperature-protected semiconductor switch as claimed in 
claim 3, wherein the evaluation means is monolithically integrated with the 

15 semiconductor switch. 

8. (original) A temperature-protected semiconductor switch as claimed in 
claim 1 , further comprising: 

at least one of a bipolar transistor and a thyristor as the temperature 
20 sensor. 

9. (original) A temperature-protected semiconductor switch as claimed in 
claim 1, wherein the first conductivity type is n-conductive. 
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
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?)□ Claim(s) is/are objected to. 

8) \Z\ Claim(s) are subject to restriction and/or election requirement 

Application Papers 

9) 0 The specification is objected to by the Examiner. 
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Applicant may not request that any objection to the draw!ng(s) be held in abeyance. See 37 CFR 1 .85(a). 

1 1) 0 The proposed drawing correction filed on is: a)n approved b)n disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) n The oath or declaration is objected to by the Examiner. 
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13) H Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. 

3.n Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) 0 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) n Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
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1) Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-413) Paper No(s), 

2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) □ Notice of Informal Patent Application (PTO-152) 

3) □ Information Disclosure Statement(s) (PTO-1449) Paper No(s) 6) □ Other: 
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Application/Control Number: 09/497,618 Page 2 

Art Unit: 2814 

DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S. C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or deschbed in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

2. Clainns 1-2, 4, 6-8, and 9 are rejected under 35 U.S.C. 102(b) as being 
anticipated by Yamaguchi et al., hereinafter Yamaguchi, previously cited. 

Regarding claim 1, in figures 3 and 4, Yamaguchi discloses a semiconductor 
device, 4A, and a MOS transistor 13 in parallel with the temperature sensing circuit 20, 
same circuit neutralizing the accumulated charge, in an N type body substrate 1 . 

Regarding claim 2, Yamaguchi discloses the diodes for neutralizing the 
accumulated charge and sensing the temperature, and the MOS transistor component 
in the semiconductor body. Note figure 3, number 13 and 20. 

Regarding claim 4, Yamaguchi discloses the pair of adjacent diodes 20, for 
sensing the temperature and for the accumulated charge, 21 and 22 of figure 4A. 

Regarding claim 6, Yamaguchi discloses a temperature signal produced by 
circuit 20, figure 4B, to be provided to the FET control signal, which consequently turns 
off the FET 13. The charge carrier neutralizing diode 22 is adjacent to the temperature 
signal. 

Regarding claim 8, Yamaguchi discloses thyristor 20 as a temperature sensor. 



Application/Control Number: 09/497,618 
Art Unit: 2814 



Page 3 



Regarding claim 9, Yamaguchi discloses an N+ type silicon body substrate, 
paragraph 1 line 7. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or descnbed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 3 and 7 rejected under 35 U.S.C. 103(a) as being unpatentable over 
Yamaguchi as applied to claims 1, 2, 4-6, 8 and 9, above, and further in view of Roth, 
previously cited. 

It is well known in the art that an exclusive-or logic gate outputs 1 ,or H, when one 
of its inputs is 0,or L, and the other input is 1,or H. (see, for example, Roth, page 51). 
Therefore it would have been obvious to one of ordinary skills in the art at the time the 
invention was made to use an exclusive-or logic gate in Yamaguchi to get an output 
signal corresponding to the temperature and charge carrier input signals. 

Response to Arguments 

5. Applicant's arguments filed 9/3/02 have been fully considered but they are not 
persuasive. 

Regarding applicant's request of a reference to show that a two-diode 
configuration is a switch, see Prior Art below. 
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Applicant's argument that "... Examiner would be equating an identical element of 
Yamaguchi with both the present invention's switch and temperature sensor" is not 
found persuasive, since element 20 in Yamaguchi is a temperature sensor, and diodes 
21 and 22 act as a switch element. Therefore, the temperature sensor and the switch 
are not the same element. 

Applicant further argues that since the switch is part of the temperature sensor 
how it can be protected. Note that element 20 lets out the extra current that may occur 
in it self (the reference actually states that circuit 20 as a whole prevents damage to its 
individual diodes in an event of extraneous current, hence temperature. See column 5, 
lines 38-43. 

Regarding applicant's request for some kind of reference to show the inherency 
of a FET being a charge carrier detector, the reference is provided below in the Prior Art 
of Record section. 

Finally, applicant argues that there are two signals in the claimed invention, that 
is first and second signals from the temperature sensor and charge earner detector, 
respectively. Note, that element 20 in Yamaguchi lets out the extra current, or signal. 
Furthermore, as indicated in paragraph 2 of the Phor Art of Record section (as 
disclosed in Pages et al.), a FET outputs a current, or signal, in response to the 
presence of charge carriers in a semiconductor body. 
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Prior Art of Record 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

See, for example, U.S. Patent 5,107,216, issued to Yabusaki et al., wherein is 
sated the two diode configuration in figure 9 act as a switch (see column 6, lines 20-37). 
Also, see U.S. Patent 6,373,100, issued to Pages et al., wherein is stated in column 5, 
lines 5-15, that a PET transistor acts as a carrier charge detector (that is it outputs a 
signal in response to appearance of free charge carriers in a semiconductor body). 

Conclusion 

6. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
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Art Unit: 2814 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dana Farahani whose telephone number is (703)305- 
1914. The examiner can normally be reached on M-F 9:00AM - 6:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael Fahmy can be reached on (703)308-4918. The fax phone numbers 
for the organization where this application or proceeding is assigned are (703)872-9318 
for regular communications and (703)872-9319 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703)308- 
0956. 

Dana Farahani / ^..-t/ 

October 30, 2002 yf >^<5^ 
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INTEGRATED SEMICOIVDUCTOR DEVICE 
WITH TEMPERATURE SENSING CIRCUIT 
AND METHOD FOR OPERATING SAME 

BACKGROUND OF THE INVENTION ^ 

The present invention relates to an integrated semicon- 
ductor device capable of a temperature sensing of internal 
scmiconductivc elements, and a method for operating the 
same. lO 

DESCRIPTION OF THE RELATED ARTS 

RG. 1 shows a conventional integrated semiconductor 
device of such a type disclosed in Japanese Patent Laid- 
Open Publication No. 62-229866. As in FIG. I, it has 
arrayed therein power MOS FETs 13, lateral MOS transis- 
tors 14 and polycrystalline silicon diodes 15, as well as 
polycrystalline silicon resisters 16 and constant voltage 
Zener diodes 17. It further includes an N"^ type silicon 
substrate 1, an N~ type silicon epitaxial layer 2 formed on 
the substrate 1. and P type and N type diffusion layers 3 and 
4 formed in the layer 2, respectively. 

Moreover, it has a gate oxide film 6, a polycrystalline 
silicon layer 7, an interlayer insulating film 8, another ^ 
insulation film 10. and a P^ type difeusion layer 11, a drain 
electrode 12 and aluminum electrodes 9. Those members 
have the functions well-known in the art. 

FIG. 2 is an equivalent circuit of an essential part of the 30 
semiconductor device that includes a MOS transistor 14 a 
and a diode circuit for sensing a temperature of the transis- 
tor. The diode circuit consists of the diodes 15 connected in 
series. 

When the semiconductor substrate has a normal tempera- 35 
ture, that is, when the temperature at each junction element 
of an active semi conductive element is within a normal 
range, the semiconductive element operates normally. On 
the contrary, if the substrate temperature abnormally rises, 
that is, if the junction temperature is raised to be critical, the 40 
circuit of diodes 15 sensing the abnormal temperature rise 
gives a correspondent signal to a control circuit, which then 
forcibly stops operation of the semiconductive element, 
thereby preventing the clement from being thermally dam- 
aged. 45 

The conventional semiconductor device has a temperature 
sensing circuit formed therein which comprises the diodes 
15 connected simply in series, as described. The series 
connecdon provides a relatively large temperature coeffi- 
cient, permitting a facilitated temperature detection to be 50 
performed with an increased sensitivity. 

However, it necessarily accompanies an withstand volt- 
age at a cathode end of the circuit of diodes 15, which may 
cause a power breakdown of the diodes 15. 

In particular, it thus is subjected to a reduced ESD 
(electrostatic discharge) durability between the cathode end 
and an anode end of the circuit of diodes 15. 

In this connection, even a single diode circuit can provide 
a competent temperature coefficient, but is insufl5cicnt to go 
always provide a required ESD durability for a current-day 
high integration. 

In other words, undesirable electrostatic charges tend to 
accumulate at both ends of the diode circuit, as well known 
in the art, having an increasing electrostatic voltage devel- 65 
oped ±ercacross to exert emfs (electromotive forces) on the 
charges that may destroy a temperature sensing diode. 
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The present invention has been achieved with such points 
in mind. 

It is therefore a principal object of the present invention 
to provide an integrated semiconductor device having a 
temperature sensing circuit formed therein, permitting a 
competent temperature coefficient to be availed, without 
introducing a reduced ESD durability. 

It also is an object of the present invention to provide a 
method for operating an integrated semiconductor device 
having a temperamre sensing circuit formed therein, pro- 
viding a relatively long service Ufe in a simple manner. 

To achieve the object, the present invention provides an 
integrated semiconductor device comprising a semiconduc- 
tive element formed therein, an insulation film formed on the 
semiconductive element, a polycrystalline silicon layer 
formed on the insulation film, a two-way conductive direc- 
tional circuit formed in the silicon layer, and the directional 
circuit being one-way biased for sensing a temperature of 
the semiconductive elemenL 

According to the invention, in an integrated semiconduc- 
tor circuit, a two-way directional circuit that is separated 
from a semiconductive element by an insulation film is 
adapted for sensing a temperature of the semiconductive 
element. The two-way conductive directional circuit should 
have a pair of one-way conductive circuits different from 
each other in conductive direction, so thai either one-way 
conductive circuit may be one-way biased for sensing a 
temperature of the semiconductive element. 

The sensing may be effected by use of a diode that can 
provide a competent temperature coefficient Any tendency 
of charge accimiulation is cancellable through the other 
one-way conductive circuit Any sensed temperature may be 
detected at a terminal of the directional circuit connected to 
a control circuit that may be a known type. 

Moreover, even if it so happens thai a surge current 
attacks the two-way conductive directional circuit from a 
reverse direction to a biased direction thereof, one of the two 
one-way conductive circuits that is reversely biased can 
effectively conduct to let out the surge current that otherwise 
might damage a temperauire sensing circuit. 

According to an embodiment of the invention, the two- 
way conductive directional circuit comprises a pair of diode 
circuits having a first diode for sensing the temperature of 
the semiconductive element and a second diode for neutral- 
izing an accumulated amount of electrostatic charges. 

According to another species of the invention, the two- 
way conductive directional circuit comprises a pair of diode 
circuits either having a first diode formed with a forward 
direction thereof in accord with a one-way biased direction 
of the directional circuit, and a second diode formed with a 
forward direction thereof reverse to the one-way biased 
direction of the directional circuit 

According to the species of the invention, in an integrated 
semiconductor circuit, a directional circuit that is separated 
from a semiconductive element by an insulation film is 
adapted to sense a temperature of the semiconductor ele- 
ment, by providing a diode circuit thereof with a (tempera- 
ture sensing) first diode having its forward direction directed 
in the direction of an easy flow of the directional circuit, and 
another diode circuit with a (charge neutralizing) second 
diode having its forward direction directed in the reverse 
direction to the direction of die easy flow of the directional 
circuit 

The first diode tends to conduct a current in the direction 
of easy flow of the directional circuit, whenever a foward 
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voltage is applied thereto, but the second diode does not 
They are circuit components of the diode circuits of the 
directional circuit and may be connected in parallel to each 
other at non-defined terminals thereof: they may exemplarily 
be connected at a conductor joining or bonding area of a 5 
size-reduced chip. The directional circuit tends to conduct a 
cmrent, substantially through the first diode, thus having a 
potential difference developed there across to be detected by 
a certain adapted circuit that may include a known control 
circuit for controlling the semiconductive element. lo 

The detectable potential difference represents a voltage 
drop across the first diode that is proportional to a given 
temperature coefficient of the diode which itself may com- 
prise a known polycrystalline silicon diode. The temperature 
coefficient of the first diode thus substitutes for that of the ^5 
directional circuit, so that the value of the temperature 
coefficient is maintained as it is. 

Moreover, to achieve the object, the present invention 
provides a method for operating an integrated semiconduc- 
tor device including a semiconductive element and a two- "^^ 
way conductive directional circuit to be biased for sensing a 
temperature of the semiconductive element, the method 
comprising the steps of providing the directional circuit with 
a bias in either conductive direction thereof for sensing the 
temperature of the semiconductive element, and providing ^ 
the directional circuit with a bias in the other conductive 
direction thereof for sensing the temperature of the semi- 
conductive element. 

According to the invention, a two-way conductive direc- 
tional circuit which should have a pair of one-way conduc- 
tive circuits is biased in either of two conductive directions 
thereof in a time-dividing manner. Either bias direction 
permits an effective temperature sensing of a semiconduc- 
tive element and an effective cancellation of a charge 
accumulation tendency. Neither one-way conductive circuit 
is exclusively used for either the temperature sensing or the 
charge cancellation. That is, both arc effectively utilized, 
permitting a relatively long service life to the device. More- 
over, even if either one-way circuit is damaged, the other can 
substimte therefor. The time interval for switching the bias ^ 
direction may be voluntarily set. It may equal to a unit time 
of an associated system clock or to substantially one half of 
an expected service life. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present inven- 
tion will become more apparent from the consideration of 
the following detailed description, taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a cross sectional view of a conventional semi- 
conductor device; 

FIG. 2 is a circuit diagram showing an equivalent circuit 
of an essential part of the semiconductor device of FIG. 1; 55 

FIG. 3 is a cross sectional view of a semiconductor device 
according to the invention; 

FIG. 4A is a circuit diagram showing an equivalent circuit 
of an essential part of the semiconductor device of FIG. 3; 

FIG. 4B is a circuit diagram showing a modified example 
of the essential part of FIG. 4A; 

FIG. 5 is a graph showing a voltage vs. temperature 
relationship of a single diode for various forward currents 
having their associated temperature coefficients; 55 

FIG. 6 is a graph showing a voltage vs. temperature 
relationship of a pair of reversely paralleled diodes for 



various forward currents having their associated temperature 
coefficients; and 

FIG. 7 is a circuit diagram showing another embodiment 
of the invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Description will be given of an integrated semiconductor 
circuit according to an embodiment of the invention, with 
reference to FIGS. 3 to 6. Like or corresponding parts to 
those of FIG. 1 are designated by like characters. Redundant 
description of some similar members are omitted for brevity. 

FIG. 3 shows an enlarged transverse partial section of a 
semiconductor device according to an embodiment of the 
invention, and FIG. 4A shows an equivalent circuit of an 
essential individual part of the semiconductor device. 

The semiconductor device includes a plurality of longi- 
tudinally arrayed N-channel depression type power MOS 
FETs 13 and a plurality of longitudinally arrayed two-way 
conductive directional circuits 20 in positions transversely 
one-to-one correspondent to the FETs 13. As shown in FIG. 
4A, each two-way directional circuit 20 comprises a pair of 
one-way conductive circuits (a) and (b) each consisting of a 
diode 21 or 22 of a known type, respectively. The one-way 
conductive circuits (a) and (b) are electrically conductive in 
a reverse direction to each other, and are connected in 
parallel to each other at a conductor joining or bonding area 
of the semiconductor device. 

The FETs are fabricated as follows: 
First, an N" type silicon substrate 1 is fabricated in a 
well-known manner. Then, an N~ type silicon epitaxial layer 
2 is formed on the substrate 1, before forming a P type 
diffusion layer 8 as a depletion layer and an N type diffusion 
layer 5 in surface areas of the epitaxial layer 2. 

After the formation of a lower layer (approx. 5000 A 
thick) of an insulation film 10, a polycrystalline silicon layer 
7 (approx. 6000 A thick) is formed thereon as a gate layer, 
which is coated with an upper layer (approx. 500 A thick) of 
the insulation film 10 and an intcrlayer instilation film 8 
(approx. 5000 A thick) formed thereon. 

The directional circuits 20 are each provided in a layer- 
wise same position as the gate layer 7 of the FETfe 13 by 
forming, in a separated maimer therefrom, a polycrystalline 
silicon layer 23 (approx. 6000 A thick) on the lower layer of 
the insulation film 10. The polycrystalline silicon layer 23 
comprises a P type anode layer 24 and an N type cathode 
layer 25. On the silicon layer 23 also is formed an upper 
layer (approx. 500 A thick) of the insulation film 10 and the 
interlayer insulation film 8 (approx. 5000 A thick). 

Each FET 13 is provided with a gate electrode 9a, a 
source electrode 9b and a drain electrode 12. Each diode 21, 
22 has an anode electrode 26 and a cathode electrode 27, 
whUc they arc shown in a combined form in the equivalent 
circuit of FIG. 4A. 

It will be imderstood that in a plan view a plurality of local 
anode layer segments and a plurality of local cathode layer 
segments are longitudinally arrayed in a staggered and 
alternately intervening manner to constitute a longitudinal 
array of pairs of diodes 21, 22 put in a reverse parallel 
relation to each other, and each diode has the anode elec- 
trode 26 and the cathode electrode 27. 

The individual part shown in FIG. 4A includes one FET 
13 and one directional circuit 20 biased for sensing a 
peripheral temperature of the FET 13. 
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The directional circuit 20 comprises the one-way conduc- 
tive circuit (a) consisting of the diode 21 having its forward 
direction (i.e. the direction of an easy flow) in the direction 
from its anode electrode 26 to its cathode electrode 27 that 
is in accord with a biased direction of the directional circuit 5 
20, which is subjected to a positive bias voltage V^at a bias 
end terminal 28 thereof and is connected at a detection end 
terminal 29 thereof to an unshown FBT control circuit of a 
known type; and the one-way conductive circuit (b) con- 
sisting of the diode 22 having its forward direction in the 
direction from the terminal 29 to the terminal 28 of the 
directional circuit, that is a reverse direction to the biased 
direction thereof. Accordingly, the circuit 20 is a two-way 
conductive directional circuit. 

With the bias voltage applied to the terminal 28 of the 
directional circuit 20^ the forwardly biased diode 21 con- ^ 
ducts a current such that Iy=AV/r^ where AV is a voltage 
drop across the diode 21, and r^ is an internal resistance of 
the diode 21 that varies depending upon the peripheral 
temperature of the FET 13. 

However, the reversely biased diode 22 does not conduct 
any significant current, subject to a negligible or compen- 
sative leakage current, so that the voltage drop AV across the 
diode 21 substantially substitutes for a total voltage drop 
across the circuit 20, which is detected at the detection end 
to provide a temperature signal to the FET control signal, 25 
where it is processed to turn off the FET 13 if the signal 
represents a critical temperature. 

When undesirable positive and negative electrostatic 
charges tend to accumulate at both ends of the of the circuit 
20 (i.e. at both sides of the cathode of each diode 21, 22), 30 
having an increasing electrostatic voltage developed there- 
across to exert emfs on the charges, those charges tending to 
produce a current in the forward direction of the circuit 20 
are neutralized through the forward biased diode 21 and the 
remaining charges tending to produce a current in the 35 
reverse direction to the forward direction of the circuit 20 are 
neutralized through the reverse biased diode 22. 

Should a surge current happen to attack the directional 
circuit 20, the diodes 21, 22 cooperate with each other to let 
it out irrespecuve of the incoming direction of the surge 40 
current that otherwise might damage a one-way conductive 
diode circuit when it has occurred at a cathode end of the 
circuit. 

FIG. 5 shows a number of voltage vs. temperature 
curves of a temperature sensing single-diode circuit for 
various forward currents Ijr (1 mA, 100 jiA. 10 jiA) having 
associated temperature coefBcients , and FIG. 6 shows the 
same number of voltage Vyr vs. temperature curves of the 
two-way conductive directional circuit 20 for equivalent 
forward currents 1^(1 mA, 100 |xA, 10 |jA) having associated 50 
temperature coefl5cients 72* Employed diodes are identical to 
each other in constitution and performance, except for the 
connection- 
It will be seen from these Figures that the two-way 
conductive directional circuit 20 provides a competent tem- 
perature coefficient for each reference current- 
Table 1 in the next page shows a comparison of the BSD 
durability between the circuit of FIG. 5 and the circuit of 
HG. 6. 

As will be seen from Table 1, the ESD durability is 
improved from 150 Vdc to 200 Vdc (i.e. approx. 33%) at the 
reverse bias end of circuit. This improvement is achieved by 
the provision of a reverse biased diode circuit (b) cormected 
in parallel to a forward biased diode circuit (a). 55 

According to the present embodiment of the invention, 
therefore, a two-way conductive directional circuit permits 
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a competent temperature coefficient y^/** C. to be availed in 
addition to an improved ESD durability. 

In this respect, the polycrystallinc silicon layer or local 
region thereof may preferably have an adapted peripheral 
length to a yet improved ESD durability. 

TABLE 1 



Durable volmge 
at forward end 



EHirable voltage 
at rcvcnc end 



180 Vdc 



± 



FIG. 4B shows a modified example of the embodiment 
described. This Figure substantially corresponds to FIG. 4A, 
and like members to those of FIG. 4A are designated by like 
characters, without description. In this modification, a for- 
ward conductive diode circuit (a) of a two-way conductive 
directional circuit 20 comprises a plurality of forward biased 
diodes 21 connected in series, which gives an increased 
temperature coefficient. 

It will be understood that a reverse conductive diode 
circuit (b) of the two-way conductive directional circuit 20 
may also comprise a plurality of reverse biased diodes 
connected in series or parallel. 

FIG. 7 shows an equivalent circuit of an essential part of 
an integrated semiconductor device according to another 
embodiment of the present invention. This Figure corre- 
sponds to FIG. 4 A in constimtion of an FET and a two-way 
conductive directional circuit, and like members to those of 
FIG. 4A are designated by like characters. 

In this embodiment, a two-way conductive directional 
circuit 20 has a bias direction switching circuit 30 intercon- 
nected between the circuit 20 and an unshown external 
circuitry that includes a bias supply line, a temperature 
detecting FET control circuit and a clock signal supply line 
or a switching control circuit. 

The switching circuit 30 comprises a cross switch for 
switching over the connection of a bias end terminal 28 of 
the directional circuit 20 from a bias supply side to a 
temperature detection side, and concurrently that of a detec- 
tion end terminal 29 of the directional circuit 20 from the 
temperature detection side to the bias supply side, and vice 
versa. The cross switch is responsive to a clock signal or a 
switching control signal to effect the cross switching opera- 
tion. 

Through the switching circuit 30, the directional circuit 
20 is operated so that it is provided with a bias in either 
conductive direction thereof for sensing a temperature of an 
associated FET 13 during a certain time interval, and with a 
bias in the other conductive direction thereof for sensing the 
temperature of the FET 13 during a subsequent time interval. 
The time intervals may be volutarily determined. 

It will be seen that cither bias direction permits an 
effective temperature sensing of the FET 13 as well as an 



5,500 

7 

effective canccJlation of a charge accumulation tendency, 
because the constitution of the directional circuit 20 is 
substantially symmetrical. Neither one-way conductive cir- 
cuit (a) nor (b) is exclusively used for either the temperature 
sensing or the charge cancellation. That is, both (a) and (b) 5 
are effectively utilized, providing a relatively long service 
life of the device. Moreover, even if either circuit (a) or (b) 
is damaged, the other circuit (b) or (a) can substitute 
therefor. 

While the present invention has been described with 
reference to the particular iUustrative embodiments, it is not 
to be restricted by those embodiments but only by the 
appended claims. It is to be appreciated that those skilled in 
the art can change or modify the embodiments without 
departing &ora the scope and spirit of the present invention. 15 

What is claimed is: 

1. An integrated semiconductor device comprising: 
a semiconduaive element formed therein; 

an insulation film formed on the semiconductive element; 
a polycrystalline silicon layer formed on the insulation 
film; 

a two-way conductive directional circuit formed in the 
silicon layer, and 

the directional circuit being one-way biased for sensing a ^ 
temperature of the semiconductive element. 

2. The semiconductor device as claimed in claim 1, 
wherein: 
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the two-way conductive directional circuit comprises a 
pair of diode circuits, one of said diode circuits having 
a first diode for sensing the temperature of the semi- 
conductive element and another of said diode circuits 
having a second diode for neutralizing an accumulated 
amount of electrostatic charges. 

3. The semiconductor device as claimed in claim 1, 
wherein: 

the two-way conductive directional circuit comprises a 
pair of diode circuits, one of said circuits having a first 
diode formed with a forward direction thereof in accord 
with a one-way biased direction of the directional 
circuit and another of said circuits having a second 
diode formed with a forward direction thereof reverse 
to the one-way biased direction of the directional 
circuit 

4. A method for operating an integrated semiconductor 
device including a semiconductive element and a two-way 
conductive directional circuit, the method comprising the 
steps of: 

providing the directional circuit with a bias in one of two 
conductive directions thereof for sensing a temperature 
of the semiconductive element, and 

providing the directional circuit with a bias in the other of 
the two conductive directions thereof for sensing the 
temperature of the semiconductive element 
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EXAMPLE: 



(A + B + C'){A + B -h D){A + B + E){A + D ^£)(^ ^ -h C) 



- (>1 + 5 -f C'D){A + B + E)lAC -h A\D' + £)] 



= (A B + C'DE){AC + A'D' + /I'E) 
(What theorem was used to ehminate ABCl Hint: let X = AC.) 



(3-13) 




In this example, if the ordinary distributive law (3-10) had been used to multiply 
out the expression by "brute force" 162 terms would have been generated and 
158 of these terms would then have to be eliminated. 

The same theorems that are useful for multiplying out expressions are useful 
for factoring. By repeatedly applying (3-10), (3-11), and (3-12) any expression 
can be converted to a product-of-sums form. 

EXAMPLE OF FACTORING: 

AC + A'BD' + ABE + A'C'DE 
= AC -\- A' { BP' + B£ + C'DE ) 

XZ X' Y 

- (^ + BD' -h B£ + C'DE){A' -h C) 

- [/4 + C'DE + B(D' + E)^(A' 4- C) 

X Y Z 

= {A^ B + C'DE)iA +7?^^+ D' + E)(A' + C) 

- (X + B + C')iA + B + D)(A + B -h E)(A + D' + E){A' + C) (3-14) 
This is the same expression we started with in (3-13). 
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Exclusive-OR and 
Equivalence Operations 

The exclusive-OR operation (©) is defined as follows: 

0©0=0 0©1=1 
1 © 0 = 1 10 1-0 

^The truth table for X © y is 



X Y 

0 0 

0 1 

1 0 

1 1 



X ® Y 
0 

I 
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ductor die (11) that includes an N* substrate (12) and an N~ 
epitaxial layer (14). The PET (10) has a sour».c region (36) 
and a channel rcgLion (38) near a front surface (15) of the 
epitaxial layer { 14), and a drain region in the substrate ( 12). 
A trench (22) extends through the epitaxial layer (14) to the 
substrate (12) A conductive layer (24) fills the trench (22), 
thereby forming a conductive plug (25) elecincally coupled 
to the substrate (12), I'he conductive plug (25) forms a top 
side drain electrode of the EE I (10). 
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SKMICONDUCTOR DKVICL AND MKTHOI) 
FOR FABRICATING THE SAME 

BACKCiROUND OF THE INVENTION 

I'hc present Lnvention relates, in general, lo semiconduc- 
tor devices and, more parltcuiarly, to vertical semiconductor 
devices. 

\ertical semiconductor devices such as, tor example, 
\'ertically diffused field etleci transistors are commonly used 
as higti power devices tn electronic circuits. A convent lona 1 
vcrticaiiy dilTused field effect trails is tor usual! v has its gate 
electrode and source electrode on the front side of a semi- 
conductor die on which the transistor is fabricated. TTie drain 
electrode of the transistor is l\ pically on the hack side of the 
die. Intcr-chip mter-die wiring is conventionally used for 
coupling the drain electrode of the transLstor to other ele- 
menus in the circuit. The mter-chip winng requires back side 
metal plating and wire Iionding, which are complied! ted and 
expensive. As the complexity of the circuit increases, the .p, 
number and complexity of the inlerconnections between 
different dies in the circuit also increase. Consequently, the 
mter-chip wiring process becomes increasingly expensive 
and increasingly difficult to perform. 

Accordingly, it would be advantageous to have a vertical 
semiconductor device on a chip and a method for fabricating 
the device, !>o that the device can be coupled lo an ofT-chip 
circuit element without wire-bonding to the back side of the 
chip [t is desirable for the device to be (.ompalible with a 
simple and cost efficient packaging process. It is also desir- 30 
able for the device and the interconnection between the 
device and other circuit elements in a circuit to be simple, 
reliable, and cost efficient. It would be of further advantage 
for I he method for [abricaling the device lo be simple and 
CvM"npatil'>lc Willi existing semici.Hiductor (.le\ice fabricating ;^ 
j^roces.ses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a semiconductor device 
in accordance with the present invention; and 

FIG. 2 is a schematic diagram of a flip-chip package that 
includes the semiconductor device of FIG. 1 in accordance 
With the present mvention. 

it should be understood that for simplicity and clarity of 
illustration, the tigures are not necessarily drawn to scale. It 
should also be understood that, where considered 
appropriate, reference numerals have been repealed among 
the figures to indicate corresponding or analogous elements. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Generally, the present invention provides a semiconductor 
device and a method for fabricating the semiconductor 
device on a semiconductor die. More particularly, the device 
is a vertical semiconductor device that includes a conductive 55 
plug in the die. The conductive plug is electrically coupled 
to a region of the die near its back side. Therefore, an 
electrode of the vertical semiconductor device that would 
have been conventionally formed on the back side of the die 
IS brought to the tr^^mt side of the .semiconductor die via the 
conductive plug. With all of its electrodes on the front side 
of the die, the vertical semiconductor device can be coupled 
to other elements of a circuit without wire bonding to the 
back side of the die. 

Asemiconductor device 10 in accordance with the present b< 
mvention is schematically shown in FIG. 1. By way of 
example, semiconductor device 10 is a vertical held effect 
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iransislor (I-E T) and \ \if 1 shows a cross-scctional view oi 
a portion of [-E r 10. Vertical f'ETs is often u.sed in high 
power applications such as. Lor example, motor control, 
power supply switching, etc. For example, vertical FETs can 
be used as dual high side .switches, H- Bridge swiiches, etc. 

FET 10 is fabricated on a semiconductor die 11 that 
includes a body of a semiconduclor malenal, i.e., a semi- 
conducttir substrate 12, and a semiconductor layer 14 over 
substrate 12 B>' way ut example, semiconductor substrate 
12 is a silicon substrate .md semiconductor layer 14 is an 
epitaxiallv grown sdicon layer. An active region of l-'ET 10 
IS lo 1h t. •nned in epitaxial Liver 14 

Substrate 12 IS dcipcJ ith ions N conduclivuy [vpc 
^uch as, tor example, phosphorus ions or arsenic mns 
Preferablv, substrate 12 has a high do[)ant concentration, 
e g.. .1 (K.ipant cluicc ntrai mn l^ctwceii a^iproxtiuatelv Ixli)''' 
atoms per cubic centimeter {atc^ms cm") and approximately 
NdO^' atoms cm \ in »jrder to achieve a high conduclivuv, 
i.e., a low resistivity. For example, the resistivity of substrate 
12 is preferably lower than approximately 6 
mUliohm centimeters (mQ cm). Silicon doped with phos- 
phorus ions at a very high dopant conccntraiion, e.g., a 
dopant concentration greater than or equal to approximately 
5,« iO~^ atoms, cm"^, is sometimes referred to as red phospho- 
rus silicon Red phosphorus silicon has a very low 
resisliNity, e.g., as low as approximately I mQcm. 
ly pic ally, red phosphorus silicon has a resistivity thai is 
approximately 25 lower than that of a conventional N* 
doped silicon. Ilierefore, red phosphorus silicon is a pre- 
ferred material for substrate 12 in order to achieve a small 
series resistance of FET 10. ITie scries resistance of FET 10 
also depends on the thickness of substrate 12. By way of 
example, the thickness of substrate 12 is in a range between 
approximately 20() micrometers i^um) and approximately 
Sm //m. 

Lpil axial layer 14 also doped with ions ot N cotKluc- 
tivity type such as, tor example, phosphorus ions or arsenic 
ions The dopuni conceniraiion t^f epitaxial layer 14 is lower 
than tliat nf substrate 12 Ilial is, epitaxial layer 14 is lightly 
doped with N conductivity tyjie i(ms. For example, the 
dopant ct'nccntration of epitaxial layer 14 is in a range 
between approximately 1x10^* atoms/cm^ and approxi- 
mately 1<10^'^ atoms cm"*, and epitaxial layer 14 has a 
thickness between approximately I um and approximately 5 
um. The breakdown voltage o{ FET 10 depends on the 
dopani concenlralion and thickness of epitaxial layer 14 For 
example, the thickness of epitaxial layer 14 is preferably in 
a range between approximately am and approximately 4 
,//m if F'^ET 10 is designed to have a breakdown voltage of 
approximately 30 volts (V). Epitaxial layer 14 has a major 
surface 15 opposite to an interface 16 between substrate 12 
and epitaxial layer 14. Major surface 15 is also referred as 
a front surface of epitaxial layer 14 

Field oxide regions 18 are disposed over portions of major 
surface 15 in a local oxidation of silicon (LOCOS) process. 
Field oxide regions 18 serve as isolation structures that 
provide is<.)lalion between ditlerenl electrodes of FET 10 An 
ion implantation is Liplionally performed be lore Lorming 
held oxide regions 18 t(i form hea\ily doped regions (not 
shown) under field oxide regions 18. ITie heavily dojied 
regions (not shown) prevent inadvertent turning on ol para- 
sitic field effect transistors formed under held oxide regions 
18. It should be understood that the isolation structures on 
epitaxial layer 14 can t>e formed using other processes such 
as, Lor example, polv -buffered FOC(JS, poly -encapsulated 
FOCX)S, etc. 

Epitaxial layer 14 has a trench 22 formed therein. Trench 
22 extends from major .surtace 15 through epitaxial layer 14 
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10 inlcrldcc 16. AJltrnalivciy, trench 22 cxi^nds partiullv inki 
substrate 12. In other words, the bottom of trench 22 is either 
on interlace 16 or inside substrate 12 By wav of example, 
trench 22 is formed via an anisotropic etching process \ 
conductive layer 24 tills trench 22. Suitable materials for 
conductive layer 24 include aluminum and its alloys, such 
as, tor example, aluminum-silicx)n alloy, aluminum-silicon- 
coppcr alloy, aluminum-copper alloy,' aluminum-tungsten 
alloy, and the likes. So, conductive layer 24 is sometimes 
also referred to as a metal layer. Techniques for formmg 
conductive layer 24 m trench 22 include chemical vapor 
deposition, sputtering, etc. FIG, 1 shows that conductive 
layer 24 is formed on the bottom and the sidewall of trench 
22. It should be noted that this is not intended as a limitation 
ot the present invention. In an alternati\'e embodiment, the 
conductive matenal completely tills trench 22. Conductive 
layer 24 and trench 22 form a conductive plug 25 extending 
from major surface 15 through epitaxial hiyer 14 and in 
contact With substrate 12. 

Ions ot P conductivity type such as, for example, boron 
inns are doped into a portion of epitaxial la>er 14 to torm a 
P conductivity type well 32 that extends trom ma)or surface 
15 into epjtaxial layer 14. Well 32 ser\-es as active region 
ot FET 10. In one embodiment, well 32 extends parti^ally 
into epitaxial layer 14, i.e., well 32 has a depth less than the 
thickness of epitaxial layer 14. Fherefore, there is a region 
33 between well 32 and substrate 12 that remains as lightly 
doped with N conductivity type ions. In an alternative 
embodiment (not .shown), well 32 extends all the way 
through epitaxial layer 14 to interface 16, i.e , well 32 has a 
depth substantially equal to the thickness of epitaxial layer 
14. Well 32 can be formed in an ion implantation process, a 
diffusion process, or a combination thereof. In a preferred 
embodiment, the depth of well 32 is between approximately 
O S urn and approximately 1.8 /^m. When FET 10 is designed 
to have a breakdown voltage of approximately 30 V, the 
thickness of well 32 is preferably between approximately 1 
urn and approximately 1.5 urn. The dopant concentration of 
well 32 is preferably between approximately 1x10^'' atoms/ 
cm ^ and approximately IxlO'** atoms/cm" Because of its 
relatively low dopant concentration, well 32 is also referred 
to as a P~ well. 

A P* doped region 34 is formed withui well 32 by dopiu^ 
additional P conductivity type ions mto a portion of?" wefl 
32 adiaceni maiur surface 15. The dopant concentration of 
P* doped region 34 is preferably between approximately 
IxK)^^ atoms.cm-^ and approximately IxIO"'' atoms/cm^ P* 
doped region 34 has a depth less than that of well 32. For 
example, the depth of P* doped region 34 ranges between 
approximately 0.25 um and approximately 1 am. A more 
preferred range for the depth of P* doped region 34 is 
between approximately 0.4 /an and approximately 0.6 um. 
Like well 32, P* doped region 34 can be formed in an ion 
implantation process, a diffusion process, or a combination 
thereof. In operation, P* doped region 34 functions as a body 
contact region of FET 10. 

Ions of N conductivity type such as, for example, arsenic 
10ns or phosphorus 10ns are doped into a portion of well 32 
to form an doped region 36 adjacent major surface 15. 
Preferably, doped region 36 is formed as a ring in well 
32, and FIG. 1 shows a cross section of the ring structure. 
The dopant concentration of N* doped region 36 is prefer- 
ably between approximately IxlC^ atoms- cm"^ and approxi- 
mately IxUr' atoms cm-'. doped region 36 has a depth 
less than that of well 32. For example, the depth of doped 
region 36 ranges between approximately 0.25 um and 
approximately 1 um A more preferred range tor the depth ot 
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N* J^'p(.J rcgjoti 36 i.s bcivvcLn appro.virnalcK (14 /;m and 
apprn.xiniately 0.0 /^m I. ike uell 32, N* doped region 36 can 
be formed in an ion implantation proces.s, a diffusion 
process, or a combination thereof. In operation, doped 
region 36 functions as a source region of l ET 10. 

A dielectric layer 42 is disposed over major surface 15 {)f 
epitaxial layer 14. By way of example, dielectric laver 42 is 
a layer of silicon dioxide and has a thickness betv^-een 
approximately 30 nanometers (nm) and approximately 80 
*' nm Dielectric layer 42 can be disposed on major surface 15 
Via an oxidation process, a deposition process, or the like. A 
conductive layer such as, for example, a poivcrystalline 
silicon layer 44 is disposed over dielectric layer 42. In a 
preferred embodiment, a portion of polysilicon laver 44 
overlying well 32 has a thickne.ss between approximately 
400 nm and approximately 7(K) nm Polysilicon layer 44 is 
prelerably doped to increase Us conductivity. Polysilicon 
layer 44 and dielectric layer 42 are patterned to over he a 
portion or well 32 that is adjacent Sfiurce region 36 After 
patterning, portions of polysilicon layer 44 ^and dielectric 
layer 42 overlying well 32 function as a gate structure 45 of 
l ET 10. The portion ot well 32 underlying gate structure 45 
functions as a ehannel region 3« of FE I" 10. 
. A dielectric separation layer 46 is disposed over gate 
structure 45 and over portions of major surtace 15 adjacent 
gate structure 45 Dielectric separation layer 46 forms spac- 
ers around gate structure 45. In a preferred embodiment, 
dielectric separation layer 46 is made of trimethyl phosphite 
^ doped tetraethyl orthosilicate. It should be noted that dielec- 
tric separation layer 46 can also be formed from other 
insulating materials such as silicon nitnde, silicon dioxide, 
or the like. 

Conductive structures 47 and 4« are disposed over epi- 
taxial layer 14. C onductive structures 47 and 48 are sepa- 
rated from each other by dielectric separation layer 46, 
Conductive structure 47 is in contact with polysihcon layer 
44 and functions as a gate electrode of FET 10 Preferably, 
conductive structure 47 is formed as a ring over polysilicon 
layer 44, and FIG. 1 shows a cross .section of the nng 
structure. Conductive structure 48 overlies and is in contact 
with source region 36 and body contact region 34 Conduc- 
tive structure 48 funclion.s as a source electrode of FET 10. 
I tke conductive l.ivcr 24 in trench 22. gate electrode 47 ,'ind 
source electrode 48 can he tormed from anv con^luctive 
material such as, lur example. a,uminum, aiuminum-silicon 
alloy, aiuminum-sdicon-copper alloy, aluminum-copper 
alloy, aluminum-tungsten alloy, etc. Techniques for forming 
gate clectr^>dc 47 and source electrode 48 include chemicd 
vapor deposition, ^,pulterlng. etc. Further, the formation of 
gate cleclreKle 47 and source electrode 48 can be performed 
simultaneously with the process of forming conductive layer 
24 in trench 22. 

FIG. I shows source electrode 48 in contact with boih 
source region 36 and body contact region 34. Fherefore, 
FET 10 is a three-terminal device with its source bias and 
body bias coupled together. It should be noted that this is not 
a limitation of the present invention. In an alternative 
embodiment, source electrode 48 is m contact only with 
source region 36, and another conductive structure (not 
shown) is formed over epitaxial layer 14 and is in contact 
with body contact region 34. In such alternative 
embodiment, FET 10 is a four-terminal device. 

Alter forming conducti\'e structures 47 and 48, a dielec- 
tric layer (not shown in FKi. 1) is formed over epitaxial layer 
14 and serving as an interlayer dielectric (IFD) Using 
techniques well known in the art, melalli/alion regions (not 
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shown in KKj. I) arc formed m ihe ILD lo lead I he cieclrodcs 
of F-LT 10 to I he upper surface of the ILD. It should he 
understood Ihal the U D and the mctalh/ation rci;inns 
therein ire optional in FLT 10. 

in IHT 10, substr:ilc 12 functions as a drain region. In ^ 
operation. FC'I^IO co nducl.s an ele ctric current when charue 
carriers, i c". electri^ns. {!ow trom sourc e region 36. t hroiii;h 
well '^-'^j substrate, Ij .-Mter reaching: substrate 12. 

cTmge carrieTslTow out ol die U via conductive plug 25. 
Therefore, conductive plug 23 functions as a dram electrode 
of FET 10. Because it leads charge carriers awav from FET 
10 through the top side of die 11, conductive plug 25 is also 
referred to as a top side drain electrode or an up-drain 
electrode of FET 10. Trench 22 is also referred to as a top 
side drain trench or an up-dram trench. i-"^ 

N" doped region 33 in epitaxial layer 14 between P~ well 
32 and substrate 12 functions as a lightly doped drain 
extension region (LDD) of FET 10 LDD 33 can eflfcctivcly 
increase the break down voltage of FET 10. In accordance 
w-'ith the present invention, P~ well 32 can be as deep as the 
thickness of epitaxial layer 14. In other words, \ DD 33 is an 
optional feature in FET 10. 

It should be noted that FIG. 1 is a cross-sectional view of 
only a portion of FET 10, Like many conventional power 
devices, FET 10 preferably has a mulli-tinger structure. In 
other words, FE F 10 preferably includes a plurality of P~ 
wells formed m epitaxial layer 14, each P" well having a 
structure similar to that of well 32 In each of the 1^ wells 
formed in epitaxial layer 14, there is a l:>ody contact 
region like P* body contact region 34. a source region like 
source region 36, and a channel region like channel region 
38. FET 10 also preferably includes a plurality of source 
electrodes formed over epitaxial layer 14, each source 
electrode, e.g., source electrode 48, overlies a respective P~ 
well, eg, well 32, and is in contact with a respective source 
region, e.g., source region 36, and a respective P" body 
contact region, e.g., body contact region 34. A plurality of 
gate structures overlie the channel regions in the P~ wells. 
Each gate structure, e.g. gate structure 45, includes a dielec- 
trie layer, e.g., dielectric layer 42, and a conductive layer, 
e.g., polysilicon layer 44, and overlies a respective channel 
region, e.g., channel region 38, m a respective P" well, e g , 
P~ well 32. In addition, conductive plug 25 preferably has a 
mulii-hnger structure, of which FIG. 1 shows the cross 
section of only one tinger. Each linger of conductive plug 25 
is preferably disposed adjacent to a corresponding P" well. 

Becau.se FET 10 has all its electrodes at the front side of 
die 11, the packaging of FET 10 is simple and easy. In 
addition, FET 10 can be coupled to other circuit elements 50 
(not shown) without wire bonding to the back side of 
semiconductor die 11. Alth(.mgh FET 10 is described here- 
inbefore as a vertical n -channel msulaled gate FET, it should 
be understood that this is not a limitation of the present 
in\'ention. The principle of the present invention can be 
practiced in the fabrication of any kind of vertical semicon- 
ductor device .such as, for example, a vertically diffused 
p-channel insulated gate FE F, a vertical bipolar transistor, a 
vertical metal semiconductor held effect transistor 
(MESFET), a vertical resistor, a capacitor, etc. When form- 
ing a resistor, the whole epitaxial layer may serve as an 
active region of the resistor. 

FIG. 2 is a schematic diagram of a Ifip-chip package 60 
that includes FET 10 formed on semiconductor die 11 as 
shown in FIG. 1 in accordance with the present invention. o5 
More particularly, FIG. 2 illustrates a front view of Mip-chip 
package 60. By way of example, semiconductor die 11 has 
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iwo^ P' wells like well 32 shown in FIG. 1, and trench 22 of 
IT(i I has a tliree-finger structure A pa.ssivation layer (not 
show n) IS usuallv disposed on the hack side of die 11. 'Pie 
passivation layer protects the hack side of substrate 12. 

In one embodiment (shown in l \G 2), the front side of die 
11 IS ccn'ered with an H I) 61 (^mductive structures, e g, 
meijlh/ jJirn rcgKuis 62, 64, 65, 6S. and 69 :tre fcumed in 
11,1) 61 Metalh/alion rcL;u>n 62 pvcrlie^ and is eicLtricaliv 
coupled to conductive plug 25 ot FIG 1, Metallization 
regions 64 and 65 overlie aiul are electrically coupled to 
corresponding conductive structures that form the gate elec- 
trodes of FET 10, e.g., gate electrode 47 shown in FIG. 1. 
Metallization regions 68 and 69 overlie and are cleciricallv 
coupled to corresponding conductive structures that form the 
source electrodes of FE'F 10, e.g., source electrode 48 shown 
in FIG. 1. The front side of die 11 is then p la nan zed. 
Gonduclive bumps 72 are formed on metallization region 62 
and serve as a drain electrode of FET 10 in fiip-chip package 
60 (\inductive bumps 74 are formed on metallization 
region 64, and conductive bumps 75 are formed on metal- 
lization region 65. Conductive bumps 74 and 75 serve as a 
gate electrode of FET 10 in Hip-chip package 60. Conduc- 
tive bumps 78 arc formed on metallization region 68, and 
conductive bumps 79 are formed on metallization region 69 
Conductive bumps 78 and 79 serve as a source electrode of 
FET 10 in flip-chip package 60. Conductive bumps 72, 74, 
75, 78, and 79 can be formed frc^m any conductive material 
such as, lor example, copper, aluminum, silver, tungsten, 
gold, etc. via conventional means. It should be noted that the 
numbers of conductive bumps 72, 74, 75, 78. and 79 arc ntu 
limited to that shown m hlG. 2. In accordance with the 
pre.sent invention, the number of conductive bumps formed 
on each of conductive structures 62, 64, 65, 68, and 69 cjn 
be any number greater than or equal to one 

In an alternative embodiment (not shown m FIG. 2) of the 
present invention, dielectric separation layer 46 (shown in 
FIG. 1), and the conductive structures that form top side 
drain electrode 25 (shown in FIG. 1), gale electrode 47 
(shown in FIG. 1), and source electrode 48 (shown in FIG, 
1) are exposed at the front side of semiconductor die 11. 
Conductive bumps are formed directly on the conductive 
structures after the front side of die 11 is p la nan zed. The 
conductive bumps serve as the dram, gate, and source 
electrodes of FET 10. 

It should be understood that the structure of FET 10 is not 
limited to being that described hereinbefore. For example, 
FET 10 is not limited to having two P~ wells as shown in 
FIG. 2. FET 10 can have any number of P" wells, e.g., one, 
three, four, live, six, etc. Further, top side drain electrode 62 
IS not limited lo having a ihree-finger siructure a> shown in 
FIG. 2. FET 10 can al.st^ include a plurality of multi-hnger 
elements cc^upled together Each multi-hnger element has a 
structure similar to that described hereinbefore and shown in 
FIG 2. 

Flip-chip package 60 can be mounted on a circuit board 
(not shown) and coupled lo other circuit elements (not 
shown) using techniques well know in the art. When FE 1" 10 
IS a power device, a heat sink (not shown) can be attached 
to the back side of die 11 to alleviate the temperature of FET 
10. The connection between FET 10 and other circuit 
elemenLs is achieved through conductive bumps 72, 74, 75, 
78, and 79, There is no wire-bonding to the back side of die 
11. 

By now it should be appreciated that a vertical semicon- 
ductor device and a method for fabricating the device on a 
semiconductor die have been provided The vertical scmi- 
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conduetur device of I he present inveniion includes j cun- 
duclive plui; id ilie senu conductor die "llie conducti\e plug 
;s in contact v'.ith :i region of the die near its hack side, 
rheretbre, an electrode ot" the device that would have been 
conventionally tbrmed on the back side of the die is brought 
to the front side of the die via the conductive plug. With all 
of iLs electrodes on the front side of the die, the device can 
he coupled to other elements of a circuit without wire 
bonding to the tiack side of the die. The device fabricated in 
accordance with the present invention can be packaged in a 
Hip-chip package and mounted on a circuit board. The 
fabrication of the device in accordance with the present 
invention is simple and compatible with existing semicon- 
ductor device fabricating processes. The process of inter- 
connecting the device to other circuit elements using the 
thp-chip packagnig techtiKjiies is simple, reliable, and cost 
etiicient. 

What is claimed is: 

T A field effect transistor, comprising: 

a body of semiconductor material of a hrst conductivity 

type and a hrst dopant concentration, 
a layer of semiconductor material epitaxial grown over 

said body, said layer having a major surface and a 

thickness, and being of the hrst conductivity type and 

a second dopant concentration thai is lower than the 

first dopant concentration; 
a well having a hrst depth and of a second conductivity 

type and a third dopant concentration in said layer 

adjacent the major surface; 
a first doped region having a second depth less than the 

hrst depth and of the first conductivity type in said well 

adjacent the major surface of said layer; 
a gate structure over the major surface of said layer and 

patterned to overUe a portion of said well adjacent said 

first doped region; and 



:i conductive i'lug e. Men King Ihrough said hiver .uid L'ic*.- 
tncaily coupled to saic! hotiv, wiierem a conductive path 
IS tormed tlirnugh the i^od\ i >( sennconducltv ni.Uerul 
between the conductive plug and a tirst conductive 
structure. 

2 The held effect transistor of claim 1, wherein the first 
depth IS less than the thickness of said layer. 

3 ITie tie Id effect transistor of claim I, fun her comprising 
a second doped region of the second conductivity tvpe and 
a fourth dopant concentration in said well adjacent said first 
doped region, the fourth dopant concentration being higher 
than the third dopant concentration. 

4 The tield effect transistor of claim 1. wherem >aid 
ci,)nduclivc plug includes 

a irench through said la\cr, and 
a n^etal layer in said trench. 

5 The field effecl transis;or of claim 1, furiher compris- 
ing: 

a first conductive structure over the major surface of said 
layer and electrical!) coupled to said first doped region. 

a second conductive structure over the ma)or .surface of 
said layer and electrically coupled lo said gate struc- 
ture, and 

a third conductive structure over the major surface of said 
layer and electrically coupled lo said conductive plug. 
6. The field effect transistor of claim 5, further compris- 
ing: 

a first conductive bump electrically coupled to said hrst 

conductive structure, 
a second conductive bump electrically coupled lo said 

second conductive structure; and 
a third conductive bump electrically coupled to said third 

conductive structure 
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[57] ABSTRACT 
In an imaging apparatus using the nuclear magnetic 
resonance, a solenoid coil and a slot-resonator coiJ are 
combined with each other so as to constitute a quadra- 
ture-phase detection probe. In order to operate the 
siot-resonator coil at low frequency, inductance is 
added to the slot-resonator coil. Further in order to cut 
the coupling between a transmitting coil and a receiving 
coil in a cross coU system, a capacitor together with the 
added inducUnce to form a resonant circuit U con- 
nected in parallel to the inductance. A favorable probe 
can be obtained in a vertical-magnetic field type imag- 
ing apparatus. 
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NUCLEAR MAGNETIC RESONANCE IMAGING 
APPARATUS 

BACKGROUND OF THE INVENTION 
The present invention relates to an imaging apparatus 
using the nuclear magnetic resonance where a quadra- 
ture-phase detecting probe constituted by combination 
of a solenoid coil and a slot -resonator coil is used ^ ^ jq 
signal detection device. 

In the prior art, an X-ray CT and an ultrasonic imag- 
ing apparatus have been used as an apparatus for the 
nondestructive inspection of an internal structure such 
as of a human brain and abdomen. In recent years, trial 
to image the internal structure of an object using a nu- 
clear magnetic resonance (hereinafter abbreviated as 
**NMR") phenomenon succeeds thereby many sons of 
information can be obtained although not obtained by 
an X-ray CT or an ultrasonic imaging apparatus. In an 
imaging apparatus using the NMR phenomenon, a sig- 
nal from an object to be inspected must be separated and 
discriminated for each position of the object to be in- 
spected. As one such method, a gradient magnetic field 
is apphed to an object to be inspected thereby the mag- 
netic field intensity in each position of the object is 25 
made different hence a resonant frequency or a phase 
encoding value in each position is made different so as 
to obtam information of the position. 



DESCRIPTION OF THE PRIOR ART 



30 



The basic principle of this method is described in 
detail in "Journal of Magnetic Resonance", vol. 18, pp. 
69-83 or "Physics in Medicine & Biology", vol. 25, pp. 
751-756. 

In the imaging as above described, improvement of 35 
the efficiency of the probe coil for generating or receiv- 
ing a high-frequency magnetic field becomes the impor- 
tant problem leading to improvement of the picture 
quality and decrease of the image pick-up time. As one 
means to solve the problem, a quadrature-phase detec- 40 
tion probe coil (hereinafter abbreviated as a **QD 
probe") is described in "Journal of Magnetic Reso- 
nance", vol. 69 (1987), pp. 236-242. 

The prior art as above described is effective as a QD 
probe in a horizontal -magnetic field type imaging appa- 45 
ratus using NMR (hereinafter abbreviated as a "hori- 
zontal-magnetic field type MRI apparatus"). A bird's 
eye view of a QD probe in the prior art is shown in 
FIG. 1. The QD probe in the prior art is constituted by 
two sets of guard rings 105, 106, and signal electrodes 50 
111, 112, 113. 114 opposed to the guard rings 105, 106 
through an insulator such as polytetrailuorethylene 
(omitted in FIG. 1), and has a structure such that capac- 
itors 115 - 118, 119 • 122 are connected between respec- 
tive signal electrodes. This may be considered to be a 55 
structure such that a first slot-resonator coil constituted 
by the sigaal electrodes 111, 113 and the two guard 
rings and a second slot resonator constituted by the 
signal electrodes 112. 114 and the two guard rings are 
combined in the perpendicular direction. 60 

In the QD probe shown in FIG. 1, signals from feed- 
ing points A, B are added after the phase difference 
between them is compensated thereby the QD probe 
has sensitivity in the direction within the xy plane. In 
this case, from the principle of the nuclear magnetic 65 
resonance, the direction of the magnetic field is the z 
axis direction. Also the human body inserting direction 
is assumed to be the z-axis direction. Since the cylinder 



center axis of the probe and the human body inserting 
direction are coincident, the human body shape and the 
probe shape are coincident. Consequently the signal 
detection efficiency is improved. 

SUMMARY OF THE INVENTION 

If the probe in this state is applied to a vertical-mag- 
netic field type imaging apparatus usmg NMR (herein- 
after abbreviated as a "vertical-magnetic field type MRI 
apparatus"), the human body must be inserted between 
ponions of the signal electrode in parallel to the cylin- 
drical axis (hereinafter referred to as "vertical elec- 
trodes'*). Consequently, the signal detection efficiency 
is lowered and the adoption of the QD probe becomes 
meaningless. That is, the QD probe shown in FIG. 1 
cannot be applied to the vertical-magnetic field type 
MRI apparatus. 

An object of the invention is to provide a QD probe 
which can be applied to a venical-magnetic field type 
MRI apparatus. 

In order to attain the foregoing object, according to 
the invention, a solenoid coil and a slot-resonator coil 
are combined so as to constitute a QD probe. 

Also since the slot-resonator coil is operated at low 
frequency, inductance is added to an arm section of the 
slot-resonator coil. 

Further, in order to decouple a transmittmg coil and 
a receiving coil in a cross coil system, together with the 
added inductance, a capacitor resonated in the resonant 
frequency of the slot-resonator coil is connected in 
parallel to the added inductance. Also a switch is in- 
stalled so that the operation of the resonant circuit con- 
stituted by the added inductance and the capacitance 
can be controlled at the transmitting state and the re- 
ceiving state. The switch acts so that the resonant cir- 
cuit resonates at the transmitting state and does not 
resonate at the receiving state. As a result, the coupling 
between the transmitting coil and the receiving coil at 
the transmitting state can be cut. 

The switch is constituted by paired diodes, thereby 
the resonant circuit is controlled so that it resonates at 
the transmitting sute and does not resonate at the re- 
ceiving state. 

Also the arm section of the slot-resonator coil is con- 
stituted by a slender conductor such as a copp>er pipe 
and the like, thereby overlapping between the slot- 
resonator coil and the solenoid coil is made as small as 
possible. Consequently, coupling between both coils 
can be made small to such degree that it does not be- 
come a problem in practice. 

Further an overlapping part of the solenoid coil to 
the slot-resonator coil is also constituted by a slender 
conductor, thereby the couphng between both coils can 
be further made small. 

Since the solenoid coil has the sensitivity in the 
human body inserting direction and the slot-resonator 
has the sensitivity in the direction perpendicular to the 
human body inserting direction, a QD probe can be 
constituted. 

In the vertical-magnetic field type MRI apparatus, 
low magnetic field intensity of usually 0.05-0.3 tesla or 
the like is used and the nuclear magnetic resonant fre- 
quency also becomes low. 

Since inductance is added to the arm section of the 
slot-resonator coil and therefore the resonant frequency 
of the slot-resonator coil can be easily lowered, the coil 
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can be applied to the vertical-magnetic field type MRI 
apparatus. 

Further in the cross coil system where the transmit- 
tmg and the receiving are performed by separate coils, 
inductance and capacitance added to the slot-resonator 5 
coil constitute a parallel resonant circuit and are con- 
trolled to resonate by a switch. As a result, impedance 
across the added inductance becomes high at the trans- 
nutting sute and therefore the coupling between the 
transmitting coil and the slot resonator coil can be cut, ^0 
If paired diodes are used as this switch, they are turned 
on at the transmitting state due to application of a large 
voltage thereby the resonant circuit becomes the reso- 
nant sUtc. At the receiving state, since only a small 
voluge is apphed, the paired diodes are at the open stale 
thereby the resonant circuit does not become the reso- 
nant state. As a result, the signal receivmg can be per- 
formed by the slot-resonator coil. 

If the overlapping exists at the signal detection por- 
tion of the solenoid coil and the slot-resonator coil, the 
QD probe cannot be constituted. However, when the 
arm section of the resonator coil is constituted by a 
slender conductor such as a copper pipe or the like, the 
overlapping of both coils can be made small hence the 
coupling between both coils can be made small. Further 
the overlapping portion for the solenoid coil is also 
constituted by a slender conductor, thereby the cou- 
pling between both coils can be made smaller. 

According to the mvention, the QD probe can be 
constituted in the vertical -magnetic field type MR appa- 
ratus and the sensitivity uniformity can be improved. 

Also since a self-resonant frequency of the slot- 
resonator coil can be lowered, the resonant frequency 
of the QD probe can be lowered without deterioration 35 
of characteristics. 

Funher since the coupling between the transmitting 
coil and the receiving coil in the cross coil system can 
be avoided, the QD probe can be applied to both the 
single coil system and the cross coil system. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 IS a bird's eye view of a QD probe in the prior 
art; 45' 

FIG. 2 is a block diagram of the whole body of a 
horizontal-magnetic field type MRI apparatus; 

FIG. 3 is a diagram showing a constitution of a gradi- 
ent coil in the horizontal-magnetic field type MRI appa- 
ratus of FIG. 2; 50 

FIG. 4 is a block diagram showing a constitution of 
an electric magnet and parts at its vicinity in a vertical- 
magnetic field type MRI apparatus; 

FIG. 5 is a bird's eye view showing a receiving coil 
being the main part of an embodiment of the invention; 55 

FIGS. 6(fl) and 6(6) are circuit diagrams showing an 
example of a matching circuit; 

FIGS. 7(fl) and 7(b) arc sectional views along lines 
VII(a)-VU(a) and Vll(b}-y/U{b) of FIG 5, respec- 
tively; 60 

FIG. 8 is a bird's eye view showing a receiving coil 
being the main part of another embodiment of the in- 
vention; 

FIG. 9 is a circuit diagram showing a part of a receiv- 
ing coil being the main pan of a further embodiment of 65 
the invention; 

FIGS. 10 and 11 are diagrams illustrating the princi- 
ple of a cross coil system; 



FIG. 12 is a circuit diagram showing a part of a re- 
ceiving coil being the main part of still another embodi- 
ment of the invention, 

FIG. 13 is a bird's eye view showing a receiving coil 
being the mam part of still further embodiment of the 
invention; and 

FIG. 14 is a bird's eye view showing a receiving coil 
being the main part of another embodiment of the in- 
vention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Embodiments of the invention will now be descnbed 
referring to the accompanying drawings. 

FIG. 2 IS a block diagram showing an example of a 
horizontal-magnetic field type MRI apparatus in single 
coil system where the transmittmg and the receiving are 
performed by one coil. In a vertical-magnetic field type 
MRI apparatus used in an embodiment of the invention, 
the direction of a static magnetic field is not horizontal 
but vertical, however, FIG. 2 will be first described for 
undersunding the MRI apparatus as a whole. A con- 
troller 5 outputs various instructions to each of the 
following units in the definite timing. Output of an RF 
(radio frequency) pulse generator 6 is amplified by an 
amphfier 7 and then drives a coil 8. Signal component 
received by the coil 8 passes through an amplifier 9 and 
is detected by a detector 10, and then converted into 
image by a signal processor 11. Gradient magnetic fields 
in the z-direction and directions perpendicular thereto 
are generated by coils 12, 13, 14 respectively, and these 
coils are driven by amplifiers 15, 16, 17 respectively. 
The static magnetic field is generated by a coil 18, 
which is driven by a power supply 19. TTie coil 14 has 
the same constitution as that of the coil 13, and the coil 
14 is rotated by 90 degrees about the z axis with respect 
to the coil 13 thereby gradient magnetic fields perpen- 
dicular to each other are generated. A human body 20 
to be inspected is put on a bed 21, which is moved on a 
supporter 22. FIG. 3 shows an example of constitution 
of coils generating the gradient magnetic fields in FIG, 
2 and direction of current flowing therethrough. In this 
example, the coil 12 generates the gradient magnetic 
field in z-axis direction, the coil 13 generates the gradi- 
ent magnetic field in x-axis direction, and the coil 14 
generates the gradient magnetic field in y-direction. 

In practice, the coils 12, 13, 14 are used in winding on 
one cylindrical bobbin. 

FIG. 4 is a block diagram showing a constitution 
example of a vertical-magnetic field type MRI appara- 
tus. A controller 5, an RF pulse generator 6, a detector 
10, a signal processor 11, amplifiers 15, 16, 17 and a 
power supply 19 have the same connection as that in 
FIG. 2, and therefore are not shown in FIG. 4. FIG. 4 
shows a cross coU system where the transmitting and 
the receiving arc performed by separate coils. In the 
cross coil system, the output of the RF pulse generator 
6 is amplified by an amplifier 7 and then excites a trans- 
mitting coil 81. A signal component received by a re- 
ceiving coil 82 passes through an amplifier 9 and is 
detected by the detector 10. A deuiied constitution 
example of coils 12, 13, 14 generating the gradient mag- 
netic fields shall be omitted here. In FIG. 4, the coils 12, 
13, 14 generating the gradient magnetic fields are drawn 
simplifying in one coil. 

FIG. 5 is a constitution diagram of a receiving coil 
being the main part of an embodiment of the invention. 
In the embodiment, a slot-resonator coil is wound on 
the outside of a solenoid coil 102 (In FIG. 5, a bobbin of 
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insulating material supporting the solenoid coil 102 is 
not shown.). In the slot-resonator coil, signal electrodes 
103, 104 in the form of conductive arms are wound on 
upper and lower guard rings 105, 106 through an insula- 
tor (not shown in FIG. 5). Among the signal electrodes 5 
103, 104, an opposed portion (called a wing) to the 
guard rings 105, 106 is connected by capacitors 107, 
108, 109, 110. In the case of FIG. 5, the sensitivity of the 
solenoid coil is in the z-axis direction and the sensitivity 
of the slot -resonator coil is in the x-axis direction. That 10 
is, if the static magnetic field is taken in the y-axis direc- 
tion, a QD probe can be constituted in combination of 
the solenoid coi] and the slot-resonator coil. Conse- 
quently, the sensitivity uniformity in the signal detect- 
ing can be improved. Although a matching circuit lead- 15 
ing to feeding points C and D is not shown in FIG. 5, a 
matching circuit by capacitors 201, 202 shown in FIG. 
6(a) or FIG. 6(b) may be used, 

However, both the solenoid coil and the slot-resona- 
tor coil are designed so as to resonate in the desired 20 
resonant frequency. 

FIGS. l{a) and l{b) are sectional views taken along 
Imes VII(cr).VU(a) and VII(6)-VII(^) of FIG. 5, respec- 
tively. In FIGS. 7(j) and l{b), a bobbm 130 of insulating 
matenal with a solenoid coil 102 wound thereon and an 25 
insulation layer 131 between a guard ring 105 and a 
wing are specifically shown. As shown in FIG. l{a), the 
guard nng 105 and the wing portion of the signal elec- 
trode 103 are opposed through the insulation layer 131. 
Also capacitors 107, 108 are connected between the 30 
wings. 

In the venical-magnetic field type MRI apparatus, in 
general, the nuclear magnetic resonant frequency is 
low, but since the slot-resonator coil is suitable for the 
operation at high frequency, when it is used in the verti- 35 
cal magnetic field type MRI apparatus, lowenng of the 
resonant frequency without deteriorating the character- 
istics may become a problem. The settling measure will 
be described as follows. 

FIG. 8 shows an embodiment of constitution where 40 
one arm section of the slot-resonator coil of the QD 
probe for the vertical-magnetic field type MRI appara- 
tus shown in FIG. 5 is divided and has an inductance 
150 added thereto. When the inductance 150 is added as 
shown in FIG. 8, the self-resonant frequency of the 45 
slot-resonator coil can be lowered thereby the resonant 
frequency of the QD probe can be lowered without 
deteriorating the characteristics. 

Also in the case of the cross coil system as shown in 
FIG. 4 where the transmitting and the receiving are 50 
performed in separate coils, the coupling between the 
transmitting coil and the receiving coil becomes a prob- 
lem. 

The coupling between the transmitting coil and the 
receiving coil in the cross coil system will be described. 55 
Now, the position relation in each coil is noticed and 
simplification is performed as shown in FIG. 10. In 
FIG. 10, a coil 210 represents a solenoid coil of FIG. 8. 
and a coil 200 represents a slot-resonator coil of FIG. 8. 
A coil 220 represents a transmitting coil. The position 60 
relation of the coils 200, 210, 220 becomes the position 
shown in FIG. 10 or FIG. 11 (the coil 220 being in 
parallel to the coil 200 or the coil 210) in practice. (Exis- 
tence of the transmitting direction within the xz plane is 
possible from the principle of NMR, but the position 65 
relation in practice becomes as shown in FIG. 10 or 
FIG. 11 from the position relation with the human body 
inserting direction or the receiving coil.) 



,216 
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In FIG 10, ihe sensitivity direction of the solenoid 
coil 210 is in the z-axis direction and the sensitivity 
direction of the slot-resonator coil 200 is in the x-axis 
direction, and the transmitting direction of the transmit- 
ting coil 220 is in the x-ajtis direction. Consequently, a 
large signal transmitted from the transmitting coil 220 is 
inputted directly to the slot- resonator coil 200. Also a 
problem of the coupling occurs that the slot -resonator 
coil becomes an inductive load for the transmittmg coil 
220. In the arrangement in FIG. 11, a similar problem of 
the coupling occurs between the transmitting coil 220 
and the solenoid coil 210. 

FIG. 9 shows the decoupling means for solving the 
problem of the coupling between the transmitting coil 
and the slot-resonator coil produced by the arrange- 
ment of FIG. 10. That is. the signal elccuode 104 of the 
slot-resonator coil shown in FIG. 8 is divided, and the 
inductance 150 is added thereto and further a capacitor 
160 and paired diodes 170 are added in parallel to the 
inducunce 150. Since the large voluge is applied across 
the inductance 150 during the transmitting, the paired 
diodes 170 are rendered conductive . If the paired diodes 
170 become conductive, the inductance 150 and the 
capacitor 160 constitute the resonant circuit and the 
impedance across the inductance 150 becomes large, 
thereby the signal electrode 104 becomes equivalent to 
the cut state apparently. If the signal electrode 104 is 
cut, the slot-resonator coil become an open loop and 
therefore does not become an inductive load of the 
transmitting coil 220 and the transmitting signal is not 
inputted. On the other hand, smce only a small voltage 
is applied across the inductance I5Q. dunng ihe receiv- 
mg, the paired diodes 170 become non -conductiv e 
thereby the mducunce IMJ and tne capacitor 160 do hot 
constitute the resonant circuit. Consequently, the signal 
electrode 104 becomes non-cut state and acts as the 
slot-resonator coil and receives signals. ^ 

Next, FIG. 12 shows the decoupling means for solv-** 
ing the problem of the coupling between the solenoid 
coil 210 and the transmitting coil 220 produced in the 
case of the arrangement shown in FIG. 11. As shown in 
FIG. 12. the solenoid coil 210 is divided by capacitors 
211-217. By dividing the solenoid coil 210 by the capac- 
itors 211 - 217, the influence during the human body 
inserting can be reduced. When the solenoid coil is is 
divided by the capacitors in such manner, for example, 
inductance 218 and paired diodes 219 are connected in 
parallel to the capacitor 214 and the resonant circuit is 
constituted, thereby the coupling with the transmitting 
coil can be avoided in similar mamier to the above-men- 
tioned principle. 

When the solenoid coil and the slot -resonator coil are 
combined, the coupling occurs between both coils and a 
problem of deterioration of the performance as the QD 
coil occurs. When the solenoid coil and the slot resona- 
tor coil are combined, it is characterized in that the 
overlapping in the signal detection section is small and 
the mutual influence is small. However, the mutual 
influence can be further reduced by following manner. 
That is, as shown in FIG. 13, among the signal elec- 
trodes of the slot-resonator coiJ. a part for substantially 
receiving signals (a part in parallel to the z-axis, called 
an "arm**) is constituted by a slender conductor such as 
a copper rod and the like. Then since the width of the 
arm affects the sensitivity distribution during the receiv- 
ing, as showTi in FIG. 13, the two arm units are consti- 
tuted by copper rods 300, 301 or 302, 303, each in two 
rods. In this constitution, the signal detection can be 
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performed without changing the arm width substan- 
tially. 

Further as shown in FIG. 14, a portion at the side of 
the solenoid coil opposed to the arm unit is thinned, 
thereby the coupling between the solenoid coil and the 5 
slot-resonator coil can be funher reduced. 

Wc claim: 

1. A nuclear magnetic resonance imaging apparatus 
comprising; 

static magnetic field generation means for generating 10 
a static magnetic field in a cylindrical space having 
an axis along a first direction, said static magnetic 
field generation means generating said static mag- 
netic field in a second direction perpendicular to 
the first direction; 15 

a quadrature-phase detection probe for detecting a 
high-frequency magnetic field caused by nuclear 
magnetic resonance in said cylindrical space, said 
quadrature-phase detection probe including a slot- 
rcsonator coil and a solenoid coil; 20 

said slot-resonator coil having two conductive arms 
extending in parallel to the axis of said cylindrical 
space and positioned on opposite sides of the axis of 
said cylindrical space so as to be spaced apart from 
each other in the second direction, one of said two 25 
conductive arms having ends thereof capacitively 
coupled to corresponding ends of the other of said 
two conductive arms so that said slot-resonator 
coil has a sensitivity enabling detection of a high- 
frequency magnetic field component in a third 30 
direction perpendicular to the first and second 
directions; and 

said solenoid coil including a coil member wound 
around a circumference of said cylindrical space so 
that said solenoid coil has a sensitivity enabling 35 
detection of a high-frequency magnetic field com- 
ponent in the first direction. 

2. A nuclear magnetic resonance imaging apparatus 
according to claim 1, wherein at least one of said two 
conductive arms of said slot-resonator coil is divided 40 
into two parts* and further comprising an inductance 
connecting the divided parts. 

3. A nuclear magnetic resonance imaging apparatus 
according to claim 1. further comprising: 

high-frequency magnetic field generation means for 45 
generating a high-frequency magnetic field in the 
third direction perpendicular to the first and sec- 
ond directions in the cylindrical space; and 

decoupling means providing in a current path in said 
slot-resonator coil for enabling decoupling. 50 

4. A nuclear magnetic resonance imaging apparatus 
according to claim 3, wherein said decoupling means 
includes a series circuit of a capacitor and a switching 
element, and an inductance connected in parallel with 
said scries circuit, said capacitor and said inductance 55 
resonating at a frequency of said high-frequency mag- 



netic field generated by said high-frequency magnetic 
field generation means when said inductance enables 
coupling to said capacitor through said switching ele- 
ment. 

5. A nuclear magnetic resonance imaging apparatus 
according to claim 4, wherein said switching element 
includes a pair of diodes connected in parallel lo each 
other and having polarities opposite to each other, said 
pair of diodes presenting a low impedance under a volt- 
age induced by said high-frequency magnetic field gen- 
erated by said high-frequency magnetic field generation 
means and being in a non-conductive state under a volt- 
age induced by said high-frequency magnetic field gen- 
erated by said nuclear magnetic resonance. 

6. A nuclear magnetic resonance imaging apparatus 
according to claim 1, wherein a portion of at least one of 
said coil member of said solenoid coil and at least one of 
said conductive arms of said slot-resonator coU at over- 
lapped portions of said coil member and said at least one 
of said conductive arms is thinner in comparison with 
other portions thereof 

7. A nuclear magnetic resonance imaging apparatus 
according to claim 1. wherein each of said two conduc- 
tive arms includes at least one slender conductor. 

8. A nuclear magnetic resonance imaging apparatus 
according to claim 7, wherein said slender conductor is 
a copper rod. 

9. A nuclear magnetic resonance imaging apparatus 
according to claim 1, further comprising: 

high-frequency magnetic field generation means for 
generating a high-frequency magnetic field in the 
first direction in the cylindrical space; and 

decoupling means provided in a current path in said 
solenoid coil for enabling decoupling. 

10. A nuclear magnetic resonance imaging apparatus 
according to claim 9, wherein said decoupling means 
includes a series circuit of an inductance and a switch- 
ing element, and a capacitor connected in parallel with 
said series circuit, said capacitor and said inductance 
resonating at a frequency of said high-frequency mag- 
netic field generated by said high-frequency magnetic 
field generation means when said capacitor enables 
coupling to said inductance through said switching 
element. 

11. A nuclear magnetic resonance imaging apparatus 
according to claim 10, wherein said switching element 
includes a pair of diodes connected in parallel to each 
other and having polarities opposite to each other, said 
pair of diodes presenting a low impedance under a volt- 
age induced by said high-frequency magnetic field gen- 
erated by said high-frequency magnetic field generation 
means and being in a non-conductive state under a volt- 
age induced by said high-frequency magnetic field 
caused by said nuclear magnetic resonance. 
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